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Abstract 
The purpose of the present work is to examine critically some of 
the factors involved in the use of a matching to sample teaching machine 
(the 'Touch Tutor') in the everyday teaching of severely menta.lly 
subnormal (S.S.N.) children. Two factors prompted this evaluation. 
Firstly, it was felt that too little attention had previously been paid 
to the possible benefits which could accrue from the use of teaching 
machines with these children. When, however, this machine appeared 
commercially and began to be purchased by some authorities for use 
in Special Schools, it was felt that the widespread adoption of 
such a technique was over-hast,r. The second factor was, therefore, 
that too little was known about how valua& such a m a chine could be 
for its purchase to be warranted. 
The eValuation is begun by examining the results of stUdies 
with machines of similar design with young normal and mentally 
handicapped children and. with adult, aphasic patients. These 
studies suggest the broad applicability of a machine such as the Touch 
Tutor to the S.S.N. child but contain little detail with which to 
judge the f'u.ll extent of this likely applicability. Thus, it is 
hard to tell for how many such children the machine would be attractive, 
how many children would be able to operate the !lachine correctly, 
whether teachers would be ace to incorporate such a machine into 
their everyday teaching and what range of skills the machine could 
be used to teach. Since all of these factors would appear to 
represent important pre-conditions of use for such a machine, the 
evaluation proceeds by reporting the ,responses of two groups of 
S.S.N. children in residential care to the Touch Tutor. 
Preliminar,y observations suggest that the majority of children 
find the Touch Tutor attractive but that a much smaller number are 
able to operate it correctly in the early stages of its use. In addition, 
children who do not respond to it correctly engage in a number of 
complex patterns of responding which defy explanation. 
More systematic stuqy of the responses of children to the Touch 
Tutor enable3 a more acarate picture to be gained of the responsiveness 
of children to the machine and study is then directed to the use of 
the Touch Tutor in a school classroom. This suggests that one of the 
major drawbacks to the machine's use is the paucity of programme material 
available for it, which prompts the consideration of the problems of 
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developing further such material for the machine. 
On the basis of this evaluation, it seems that the Touch Tutor 
could be a reasonable proposition for a Special School in terms of 
the numbers of children who would want and be able to use it but 
that a major drawback to its use would be the narrow range of programme 
, 
material likely to be available for it, this being not only a functiim 
of the present lack of teaching programmes but also of the difficulty 
of envisaging subject matter which the machine could teach, as well as 
the difficulty and expense involved in the physical manufacture. of programme 
material. 
Because, however, it is felt that the use of a teaching machine 
could offer something valuable to", S.S.N. children (even 'though no 
specific attempt to evaluate this has been made in the present work) 
the possibility of using a similar but cheaper machine, for which 
programmes might be easier to devise and produce, is considered. 
The work ends with the belief that fUrther work upon the educational 
merit of different aspects of classroom apparatus and methods could 
prove a valuable first step to the possibily logical development of 
the present work - that of attempting to compare the effectiveness 
of such a device as the Touch Tutor to methods at present in use. 
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CHAPTER I: INrRODUCTION 
There have been many developments in education since 
the last war but to those interested in the welfare of the severely 
0; 
mentally subnormal child there are two in particular which are 
interesting and important. One is the increase in knowledge concern-
ing the education of these children. The other is the increasing 
use of teaching machines in many fields of education. In many ways 
the use of the latter can be thought of as having considerable 
potential for the improvement of the former but it is noteworthy 
that few studies have been carried out into the use of teaching 
machines with severely subnormal (S.S.N.) children, even though 
many other branches of education have found these devices helpful. 
This thesis represents an attempt to remedy this deficiency by 
examining both theoretically and experimentally some of the important 
factors relating to the use of teaching machines in the education of 
S.S.N. children. In this first, introductory chapter some of the 
reasons for suggesting the use of teaching machines with such people 
will be explained and an outline plan of the thesis presented. 
Teaching machines and educational practice. 
In 1954 and in other publications later (1958, 1961a) 
Skinner suggested a pattern for educational reform in American schools 
which has since had considerable impact in many areas of education. 
Skinner began by complaining that teachers were neither realising 
much of the academic potential stUdents possessed nor creating 
academic enthusiasm in them. The reason, as he saw it, was that the 
teachers' methods ignored the effects on learning of correct 
contingencies of reinforcement and of the optimum presentation of 
subject matter. Teaching in large groups with few positive reinforc-
ers available to ~tudents meant that reinforcement rarely occurred, 
rarely made contact with the response it should encourage and was 
rarely matched by teaching material equally suited to all members 
of the class. 
Skinner's remedy was. for teaching machines to be made 
available for stUdents to work with indivinUally. These would be 
devices which presented a prepared sequence of problems (the teaching 
~-
"programme') to the child, each one (or 'frame') of which would 
require of the child an overt response. The machine would provide 
reinforcement after each correct overt response the child made and, 
since the difficulty of these problems in successive frames would 
increase but slightly (the 'step-size' being thus small), the child's 
academic behaviour would be 'shaped' in successive approximations by 
the frequent reinforcement from what he knew to what it was desired for 
him to know. The 'teaching machine' would, moreover, provide a record 
of errors made by children so that the effectiveness of teaching 
programmes could, by revisions to them done by the teacher, be maximised. 
Th~would have, too, the advantage of allowing the student to work 
at his own pace, rather than at the pace of the whole class. According 
to Skinner, teaching machines would, by these characteristics, increase 
'academic motivation' in the student by making learning more pleasur-
able, realise more of his potential by teaching more efficiently 
and have the additional advantage of increasing the amount of time 
the teacher could devote to her students by removing from her the 
necessity of rep~titious drill work. In short, according to Skinner, 
they would remeqy the deficiencies of classroom teaching prevalent 
at the time. 
The effect of these proposals was to stimulate excitement 
and interest in education in the idea of 'programmed instruction'. 
Yet the interest was not in every respect of Skanner's proposals 
but rather in two particular aspects of them. 
Firstly there was interest in the idea of the teaching 
machine itself, as a new part of classroom life. Even those 
psychologists and educators who did not profess to agree with 
Skinner's emphasis on the need for frequent and carefully arranged 
reinforcement in learning seemed to agree with the idea of the 
teaching machine, for new educational ideas which centred on more 
or less automatic devices arose from persons who had not voiced them 
before. Alternative ideas about the optimum ways of arranging and 
presenting subject matter were formulated (of which perhaps the most 
influentijal were those of Crowder (e.g. 1960, 1961, 1962) who 
advocated the use of 'branching' programme material in which errors 
made by students led to 'remedial' frames, in contrast to the 
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error-free, 'linear' programme advocated by Skinner), and appropriate 
machines were made for the programmes inspired by them. The number 
of workers involved in programmed instruction methods rose sharply, as 
did the number of branches of education which were finding a place 
in their battery of methods for some type or other of teaching 
machine device (Hartley, 1964). The "programmed book" appeare'! but 
more as a simplified and cheaper machine than as an alternative to one. 
Even to-day, when the doctrine of 'programmed instruction' professes 
to be less concerned than ever before to discuss the merits and 
demerits of particular theories and methods of instruction and anxious 
to rid itself of the idea that programmed i~struction is a teaching 
machine (Rowntree, 1969), does the appeal still seem to grip strongly. 
Rowntree's plea, for example, is the foreword of an extensive catalogue 
of 'programmes in prin,i;', teaching machines, and audio-visual devices. 
The teaching machine would seem, therefore, to have become a fairly 
well-accepted part of the possible armament of educational aids which 
are available to educators in many educational fields. 
Yet it is important to remember that this acceptance of 
the idea of the teaching machine, per ~, was not so important in 
Skinner's original proposal. He did not want the idea of using a 
machine to lead people away from what he believed was the important 
essential in teaching - due attention being paid to the role of 
reinforcement and the presentation of teaching material. The machine's 
advantages ~ advantages because of the improvement they effected 
on the contingencies of reinforcement present during learning and 
because in preparing materials for them the teacher had to consider 
the effectiveness of her teaching. The machine had no real advantage 
on its own •. Even so, to many people the general appeal of Skinner's 
proposals lay more in the idea of the teaching machine than in either 
of these more 'technical' factors. But once the controversy over 
different types of machine - and programme - design between those 
concerned with the 'technical' aspects of his proposals died down 
the machine itself seemed to become less central in the minds of 
these people and they began to consider much more the second main 
aspect of his proposal which we are considering here - that is, the 
belief that teaching is the responsibility of the teacher, not of the 
pupil. 
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This second aspect had had a long history. Before turning 
to the field of human education Skinner had devoted himself to an 
analysis of animal learning. In the course of his experiments 
(Skinner, 1938; Ferster and Skinner, 1957) he had satisfied himself 
that a nUmber of variables were decisively important in determining 
whether an animal would learn a particular item of behaviour. He 
claimed that by manipulating these variables precisely animals could 
be taught a wider range of complex skills than might be thought 
possible and backed up his claim by graphic illustrations of pigeons 
in particular performing skillful and demanding tasks. The most 
famous of these demonstrations is that of the pigeons who could play 
at 'ping pong', and the training of pigeons to guide an armed missile 
by pecking appropriately at the image of the target on a screen inside 
the missile (1961b). Some visitors to Skinner's laboratories apparently 
once remarked that Skinner was fortunate to have found such clever 
animals for his experiments. Skinner replied that of course his 
animals were not exceptionally clever; the fact that they were able 
to perform such unusual tasks to a high degree of competence was due 
to the way in which they had been trained. To Skinner it followed 
from an observation such as this that the methods he was using for 
training the animals was realizing in them a potential which had 
hitherto been unrevealed. It had been common to regard them as 
incapable of performing such tasks - but it was quite clear that 
with suitable training they were capable. It followed that when an 
animal did not learn a particular skill a likely reason was (rather 
than that it was mentally incapable of learning it) that it had not 
been taught correctly. Most probably, for Skinner, this meant that 
the reinforcements available to the animal during learning had been 
manipulated incorrectly. 
When Skinner turned to an aniysis of the methods of teaching 
in American schools and believed that he saw shortcomings in them, 
particularly with respect to the factors of reinforcement and present-
ation of subject matter, it was probably natural to see parallels with 
his animal work and believe that the te~chers were failing to raise 
pupils to the heights they could be capable of achieving. 
Thus the doctrine that teachers could raise stUdents to 
/higher levels of academic ability by paying more attention to the way 
-~ 
they taught than to supposed laziness or unco-operativeness on the 
part of the pupil can be seen to have its roots in his work with 
animals. It is, of the different parts of his proposals, the one 
which is most fashionable today. The programmed instructor is 
supposed to think now of teaching objectives, of his stUdents and 
the knowledge and skills they bring to him, of the methods available 
to him for teaching (of which the teaching machine and programme is 
but one) and of how he. can make his teaching more efficient. Rowntree 
(op. cit.) expands on the theme, as do others(e.g. Bajpai and Leedham, 
1970). Some like to call this the 'systems approach' to teaching and 
it has become quite formalized. Rowntree describes the approach thus: 
" ••• programmed learning's real contribution 
to education will not lie in the churning out of 
X million frames of programmes or Y million tons 
of teaching machines, but in breathing the scientific 
spirit into the technology of education. Such a 
guiding discipline is essential if we are to trans-
. form the present 'tools technology' (with its emphasis 
on individual bits of hard-ware) into a 'systems 
technology' in which both ~ and ~ media can be 
selected and combined to form teaching 'packages', 
each of which is a self testing, self correcting 
system." (Page 12). (Rowntree's emphasis). 
To Skinner, therefore, the teaching machine was a device 
by which some of the deficiencies of classroom instruction, as he 
saw them, could be remedied. A machine together with a suitable 
programme of teaching material offered a means of effecting control 
over the presentation of reinforcement to the pupil during learning 
and over the way in which subject matter was presented to the child. 
But this latter advantage related essentially to the teacher. She 
had the opportunity to consider the ability of individual pupils 
(for they would work individually, at their own speed, with a teaching 
machine) when preparing lessons and, perhaps more importantly, was 
able to determine just how successful her teaching had been (for 
the machine provided permanent records of errors made by children 
revealing at which points the teacher was failing to communicate 
the subject matter to her pupils). Armed with this knowledge, 
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~he was able to revise her teaching programme, so as to teach more 
efficiently. If a child had not learned it was her fault for teaching 
poorly, not the child's for being lazy or 'dim'. Subsequent workers 
developed the idea of the teaching machine, although not completely 
in line with Skinner's proposals concerning the role of reinforcement, 
so that they are now used in many branches of education. His emphasis 
on the need for teaching to be thought of as the responsibility of the 
teacher rather than of the child has also become popular, and in some 
quarters is vying with the teaching machine for acceptance as the 
definitive feature of the doctrine of 'programmed instruction'. 
Educational thought in the treatment of the severely mentally subnormal. 
The most interesting feature of educational thought relating 
to S.S.N. people at this time is the realization, remarkable perhaps 
to ·us now, that such people were capable of more skilful behavior 
than had been thought. The traditional academic picture of the 
imbecile person, formed by many years of little research and little 
positive thinking concerning the subnormal, was pessimistic. Supposedly 
lacking in dexterity and co-ordination, in discriminative ability, 
perseverance and many other qualities the outlook for the gevere 
subnormal's future was invariably bleak. Consider the statement by 
Lewis (1929) who, according to Tizard (1965) "carried out the most 
thorough large sca~investigation into the prevalence of mental 
deficiency which has, as yet, been made in any country." (p. 9) : 
.. The best that can be expected of them is 
the simplest of routine tasks under supervision 
•••• the brightest can usually wash and dress 
themselves, but only learn to do so very late 
in childhood, and such matters as buttoning boots 
or tying shoelaces often remain entirely beyond 
their powers." (quoted in Tizard, op.cit. page 10.) 
~t was not until the 1950's that such views as these of 
the imbecile person began to change. With experiments such as those 
by Loos and Tizard (1955), Clarke and Hermelin (1955),and Gordon et ale 
(1954, 1955), it rapidly became clear that the traditional picture of 
the imbecile adult was unduly pessimistic. True, it described adults 
who had received no training fairly well, but it bore little resemblance 
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to the same people after suitable training in appropriate tasks. 
Clarke and Clarke point out: 
"It is clear that traditional clinical opinions of 
imbeciles are reasonably accurate descriptions of 
their abilities before trainipg, but to take them 
at their face-value is to ignore their potentialities. 
Many could perform useful tlks and contribute substan-,.. 
tially to their own support, in national conditions of 
full employment" provided that their physical handicap 
is not severe." (1965, p.364). 
The Effect of these crucial and illustrative experiments 
was to stimulate in many people'a belief in the value of education 
in the treatment of severely subnormal persons. These studies had 
shown that~propriate teaching could reveal a hitherto unrealized 
potential in imbecile persons; they implied that a greater potential 
could be realized with the investment of more time for teaching and 
of more skilful teaching methods. 
From this time on we see an increased emphasis being placed 
upon the role education should play for such people, with both research 
workers,and the public authorities responsible for organizing sub-
normality services taking on an increasingly optimistic view of the 
heights such people might be able to reach. As in many things such a 
change of opinion took time but it appears to have been progressive, 
probably reinforced periodically by reports of striking educational 
successes with certain persons or groups of persons. Thus the 
reports of the effect of the Brooklands residential unit on the 
children who stayed there dur'ng the comparatively short course of 
the experiment (Tizard, 1964), of the achievements of Nigel Hunt 
(1967); of the adult with a M.A. of below two years reported by 
Gunzburg (1968" pp.187-188) who having held down a job in a laundry 
situated in the community for many years, had to master the 
intricacies of a long bus journey to work after being moved to a 
subnormality hospital; and of other less well-documented reports, 
all have served to remind people of the premise laid down in the 
course of the experiments of the 1950's cited above - that until 
such persons have been given a chance to learn, by being given 
appropriate teaching, an adequate estimate of their potentialities 
-~ 
cannot be obtained. 
Similarities clearly exist between the aims of and rationale 
behind the use of teaching machines and those underlying the education 
of the severely subnormal at this time. Both were emphasising the 
probable under-achievement of students; both were stressing the need 
for the teacher to adapt herself to the students' needs in order to 
bring out their potential. Different areas of education were adopting 
teaching machines andreveloping them for use with their own teaching 
problems in mind. We might expect that those concerned with the 
education of the severely subnormal in both Britain and America would 
have been inspired by this similarity in approach to investigate 
closely the possibility of using teaching machines in their area of 
education, especially in view of the overall paucity of knowledge and 
techniques relevant to their educational needs. To a certain extent 
this did occur, albeit slowly, in America; British interest, on the 
other hand, was extremely cool. 
The application of teaching machine concepts to the education of 
the severely subnormal in Britain and in the U.S.A. 
The first published stuqy of a teaching machine for severely 
subnormal persons appeared in the mid-1960's, approximately 12 years 
after the appearance of Skinner's first paper. In the stu~, Sidman 
and stoddard described the development of a machine to teach skills 
of perceptual discrimination to pre-school and to S.S.N. children 
(1966) and made a more extensive analysis of the teaching s,ystem with 
relation to S.S.N. children in particular in a later paper (1967). 
In the following two years, Friedlander ~ ale (1967) announced 
preliminar,y studies of a machine for institutionalized, ver,y young 
children and Bijou (1968) announced extensive studies of a machine 
he had used with young pre-school normal children and brief work 
with the same system and a group of children with I.Q's ranging 
from 33-66. 
Thus the application of teaching machine principles ~o 
the education of the severely subnormal had only begun to get under 
way by 1968 - at least in the research literature. And in America, 
for few mentions of the use or possible value of teaching machine 
principles in the education of the S.S.N. have been made in Britain 
(to the writer's knowledge) even up to the present day. 
.. 9-
This neglect of the application of programmed instruction 
principles to the education of the S.S.N. is made more pronounced 
by, on the one hand, attention paid to them in relation to the 
education of the mildly subnormal and,on the other, by the attention 
which has been paid to the use of operant conditioning techniques 
with the S.S.N. during the last 12 years. In relation to the former 
at least six major reviews and an annotated bibliography of studies in 
the use of teaching machines and programmed instruction with the 
m~y subnormal have appeared. In these reviews (Stolurow, 1960a,b, 
1961; Green~ 1966; Haskell, 1966; Nalpass,1967) and in the biblio-
graphy (Dodd and England, 1965) approximately 54 studies (of which 
approximately 38 are unpublished manuscri~s or technical reports) 
are cited in which teaching machines are used to teach, mainly, 
reading, spelling and arithmetic skills to children who have possessed 
some ability in these subjects. While the reader is referred to these 
reviews for a more detailed consideration of the studies, it is of 
interest here to note that the majority of these studies have used 
children with I.Q.'s in the range 50-80, have used machines of 
simple, often manually-operated construction, and have made evaluations 
of reading, arithmetic or writing programmes used with such machines 
either against conventional teaching methods or between different 
formats of the same programmes. Although, as noted by Greene (1966), 
who is the most critical reviewer, it is generally hard to conclude 
much about what particular programme or machine variables are important 
in such learning, whether many children can properly operate the machines 
used, and what the effects of programmes for children of differing M.A. 
or I~Q. may be, it does seem that mil~ retarded children in general 
can learn from and respond to this kind of approach. 
Studies in the application of operant conditioning techniques 
to the S.S.N. have fallert into two broad groups. On the one hand, there 
have been a number of studies in which reinforcement has been systematic-
ally administered in order to generate or modify specific forms of 
behaviour usually of a social kind, such as feeding, dressing and 
toileting (these may be termed 'behaviour modification studies) while 
on the other hand there have been studies conducted with the kind 
of operant apparatus typically associated with animal stUdies in which 
the charact erist ics of free operant behaviour have been .e:tamined. 
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Reviews of both 'behaviour modification' and 'free operant' studies 
are available (Headrick, 1963b; Spradlin and Girardeau, 1966; 
Baumeister, 1967; Weisberg, 1971) in which approximately 41 
'behaviour modification' and 18 'free operant' studies of the use 
of such techniques are cited, all of which are published papers. 
With regard to the latter kind of stuqy, which is of more immediate 
relevance to the present discussion than the former, it would seem 
that S.S.N. people in general work well in conditions in which sweets 
or tokens for subsequent exchange are obtainable at the oppropriate 
manipulation of a lever, that they are sensitive to the effects of 
different schedules of reinforcement and, of great important in 
relation to the use of teaching machines with such people, that 
they respond well to tasks requiring behaviour to be conditional 
on the presence of some specific stimulus. Examples of these 
studies are those of House et ~. (1951); Ellis et ale (1960); 
Orlando and Bijou (1960); Bijou and Orlando (1961); Ellis (1962); 
Spradlin (1962); and Headrick (1963a) who investigated changes 
in the characteristics of the responding of children and adults 
in institutions for the subnormal in America under different 
schedules of reinforcement and those of Orlando (1961); Barre~ and 
Lindsley (1962) and Orlando and Bijou (££. £li.) who studied, with 
similar subjects, the development of stimulus control in tasks in 
which reinforcement could be obtained when, for example, a light of 
a certain colour was shining. The general findings of these studies, 
in which the subjects used have both been children and adults whose 
I.Q.'s have ranged from below 20 to over 10, have be.en that many 
S.S.N. people can learn during such procedures, providing that suitable 
operant responses and reinforcements can be found for them, and that 
some regularity in their behaviour can occur under different rein-
forcement schedules - both these aimed at producing characteristic 
response behaviour under reward schedules alone and those aimed at 
generating stimulus control. On the other hand it has been difficult 
to develop such control in all subjects, as is ultimately the aim of 
such workers, and large inter-subject variability in responding 
(apparently unlike rats and pigeons) has disturbed some workers. 
Strangely, this kind of stuqy, characteristic particularly of 
the first hald of the last decade, has ceased in favour of 'behaviour 
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modification' studies; some studies have persisted and have had 
a more immediately 'practical' flavour - Bricker and Bricker (1969) 
used, for example, the operant method to conduct pure-tone audio-
metry in S.S.N. persons; Watson et ~. (1968), wishing to know for 
how long operant responding could be maintained, attempted to gauge 
the long term preferences of subjects for different kinds of reinforce-
ment in a plunger-pulling task - but few stUdies in 'free operant' 
responding now appear. 
Characteristic of these operant and teaching machine studies 
is the optimistic tone they adopt concerning the value of thes,e 
approaches for the two groups of subjects; they have seen in these 
methods the possibility of achieving greater educational successes 
. 
with such people than had hitherto been possible reflecting, by such 
conclusions, the optimistic tones of Skinner. As examples, a quotation 
from the review of Malpass and the concluding remarks of the revie.w:: 
paper of Spradlin and Girardeau may be cited. 
Malpass (1961) believed: 
"Researchcclearly suggest s that retarded children 
can learn more, and better and faster, by programmed instruction than 
by conventional EMR classroom techniques. In addition, this research 
suggests that such improvement in learning is related to the presentation, 
repetition, and feedback conditions that are characteristic of effective 
programming." (p.226) 
Spradlin and Girardeau (1966) conclude their review: 
"In cases where operant techniques have been applied, 
the reported results are encouraging. One might hope that these 
advances would lead to the development of training and educational 
programmes which one day would allow these persons to live in and 
contribute to the noninstitutional community. The extent to which 
such a goal is accomplished depends primarily on the ingenuity and 
effort of interested workers. 
The present writers believe that if the principles 
and techniques discussed in this chapter were consistently applied, 
Butterfield's (1961) case of overachievement by a mongoloid might be 
considered 'typical' rather than a 'provocative case'." (p.294) 
Such optimism about the results of 'free operant' and 
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teaching aachine studies with the severely and mildly retarded 
might lead one to ezpect that the'application of teaching machine 
and programmed instruction principles to the eduation of the 
severely subnormal would be an educationally valuable exerqise. 
Yet, as we have seen, there have been few studies of teaching machines 
with such people and little discussion of the value of such an approach. 
Similarly, the fact that studies in the use of a Skinnerian teaching 
machine with appropriate programme material with brain-damaged, adult 
patients (Filby and Edwards, 1963; Filby ~ ~., 1963; Rosenberg and 
Edwards, 1965; Edwards and Rosenberg, 1966) some of whom, they point 
out, were so severely affected that: "they were completely speechless, 
incapable of responding appropriately to simple spoken commands (such 
as, 'Point to the pencil'), incontinent of urine ••• and confined to 
a wheel chair." (Filby and Edwards, 1963, p.32), have led the authors 
to see educational potential in their subjects which had previously 
been unrecognized, suggests at the very least that such methods are 
worthy of wider study. 
In short there had been, when the present thesis was conceived 
in 1968, a dearth of studies in the application of teaching machine 
concepts to the education of the severely mentally subnormal which, 
in view of the educational thought prevalent for some years concerning 
the education of such people~4n view of apparent successes with 
similar methods with other groups of people and of the related 
techniques of operant conditioning with the S.S.N., was generally 
surprising. There did thus seem to exist a powerful argument on 
behalf of further work and critical discussion to expand theklowledge 
already generated by the few studies cited at the beginning of this 
section which had been performed on the use of teaching machines with 
the S.S.N. 
On the other hand there could be seen a danger in the over-
enthusiastic pursuit of teaching machines for use by the S.S.N. 
Although Sidman and Stoddard (1961) had been inclined to say, 
after using stimulus 'fading' (see page 25 ) procedures in relation 
to the discrimination of forms by S.S.N. children, based on a teaching 
machine: 
"The success, with retarded children, of a teaching method 
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that reduced errors •••• should not be interpreted as meaning 
that retarded children are simply the products of inadequate 
instruction. A more valid.inference is that their capabilities 
have been underestimated. More effective instructional procedures 
than those in general use are available to estimate the behavioural 
potential in children limited by developmental or acquired abnormalities." 
(pp.14-15), they had used an expensive and complex set of equipment 
which was in the early stages of its development. This is not to say 
that their approach was not worthy of further 'developme~t (indeed 
Sidman and stoddard's work was stimulating and original), merely 
that some more detailed appraisal of its potential value was needed 
before adopting their techniques on a wider scale. Similar consider-
ations apply, too, to the other studies with the S.S.N. noted above, 
in which teaching machines were used. Friedlander et ~. (1967) 
believed: 
"FLAYTEST procedures offer advantages hitherto largely unavailable 
in evaluating sensorimotor abilities in severely handicapped infants 
and young children." (p.918) but a similar criticism can be made of 
this work to that of Sidman and Stoddard. 
Such a critical view of the success of procedures based on 
operant conditioning techniques is not.unjustified. To the writer's 
knowledge there have been few, if any, attempts to consider operant 
techniques in terms of their everyd~ applicability and cost and to 
compare them in these respects with more 'traditional' forms of 
instruction. It is enlightening, in this respect, to compare the 
claims of success which have been made when operant techniques have 
been used with those of a stuqy of Cortazzi (1969). She demonstrated 
that the diligent application of 'nursery schai' methods, systematically 
and repeatedly applied, were effective in promoting patients from 
'loW grade' status in a subnormality hospital to participation in 
conventional occupational therapy and in other respects of social 
life in the hospital. 
Before 1968 there appeared to be little danger that an over-
enthusiastic pursuit of teaching machines would occur, so that any 
critical evaluation of their use would have been principally of 
academic interest, despite the clearly important practical implications 
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it would have had. In 1968, however, this position changed radically 
with the introduction of the technical meanS for educational bodies to 
apply teaching machine concepts to the education of the S.S.N., in the 
shape of the 'Touch Tutor' (Clearly and Packham, 1968a,b,c). This was 
a self-contained, free-standing, largely 'child-proof' machine which 
was apparently suitable for the S.S.N. in that it did not require 
either fine motor dexterity, or the ability to read, for its operation. 
In addition, it appeared attractive to such persons and embodied 
'Skinnerian' teaching machine principles. It is not surpriSing that 
after the optimistic conclusions of teaching machine studies in other 
branches of education and with the S.S.N., and amidst a generally 
sympathetic educational climate, several of the authorities concerned 
with the education of the S.S.N. should rush to buy these machines -
and did so. It was at this juncture that the present thesis was 
conceived for it appeared that the time was ripe (with an appropriate 
machine being commercially available) to devote effort to a critical 
look at the possible value of the use of teaching machines in the 
education of the S.S.N. In this respect it was decided to concentrate 
this effort specifically on the 'Touch Tutor'; for this machine was 
not only fundamentally similar to previous machines in its use of 
'matching to sample' as a means of presenting teaching material (see 
Chapt~rs4 and 9) and in its essentially Skinnerian design, but was 
commercially available. It was hoped that the results obtained in 
such stu~ of it would, therefore, not only serve as an evaluation of 
this particular machine, but also as an evaluation of the use of 
similar machines. Let us now consider how this 'evaluation' might 
proceed. 
Plan of the thesis 
It was the present writer's belief that there was a need for 
the ps,ychologist interested in the education of the S.S.N. to concern 
himself directly with the problems of the everyday education of the 
S.S.N., a belief which had been strengthened by Clarke's plea (1966, 
1969) that interested psychol~gists should work to expand and 
disseminate the considerable work that has emerged from the literature 
on the education of the S.S.N., as well as by Gunzburg's occasional 
condemnation of 'theoretical' research work (c/f Gunzburg, 1972) in 
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~his field. Accordingly the primary aim of the present intended 
analysis of the value of teaching machines like the Touch Tutor in 
the education of the S.S~N. child ought, it would seem, to be towards 
the use of them by teachers in their everyday classroom work. To this 
end, the writer devised an analysis of the parameters of use of 
educational apparatus in general in the S.S~N. classroom (presented 
in Chapter 8 of this volume) with which to guide the analysis. This 
suggested that if the advantages Skinner envisaged for the teaching 
machine in education, and which he envisaged for the young normal or 
handicapped child (Skinner, 1961~ namely, that teaching machines like 
the Touch Tutor: (1) offer the opportunity of a systematically planned 
learning experience in the form of a gradually progressive, revised 
teaching programme in which the student progresses by short steps from 
what he knows to what it is desired for him to know, during which (2) 
reinforcement is frequent and clearly contingent upon correct responses 
made by the child; (3) offer instruction which is individual, the 
learner proceeding at his own pace; (4) enable the teacher to be 
relieved from that part of teaching which is repetitious drill work 
and (5) teach discriminations, which are essential for academic 
competence, more effectively than can a human teacher, are to be 
attained then five major conditions of their use needed to be ful-
filled. These five conditions were: (1) that a machine appropriate 
to these aims was available for use; (2) that children would find such 
a machine attractive to use (3)jthat they possessed the skills required 
to operate it; (4) that teachers were able to use it in their classrooms 
that 
and (5) sufficient programme material was available for the machine. 
It is necessary to realize that, simple as these points m~ 
seem, there was no evidence in 1968 that these prerequisites of use 
would be fulfilled by the Touch Tutor or machines similar to it in 
relation to the S.S.N. child. Therefore, it was resolved to aim the 
present work at determining the extent to which the Touch Tutor fitted 
these five conditions. The main body of this thesis discusses these 
five points and related problems. The work is divided into ~ chapters. 
Chapters 2 and 3 review work with machines similar to the Touch Tutor 
with, in Chapter 2, young normal children at either pre-school level 
or who are in their first years of infant school and, in Chapter 3, 
with mi~ly subnormal and severely subnormal children and with adult, 
brain-damaged patients. Chapter 4 presents a descriptive account 
of the operation of the Touch Tutor machine itself and critical accounts 
of studies conducted with the machine by its originators. Chapter 5 
presents details of preliminary work conducted by the present author 
with the Touch Tutor and Chapters 6,7 and 8 describe the continuation 
of this work aimed at determining both in the laboratory and in the 
class-room the number of children able to use the machine, how attractive 
to use they find it and the teacher's response to its presence. Other 
aspects of the children's response to the task presented by the machine 
of 'matching to sample' are also considered in these Chapters. Chapter 
9 contains a discussion of the development of teaching materials for the 
machine While Chapter 10 contains a general discussion of the thesis in 
the light of its aims as developed in this Chapter. 
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CHAPTER 2: STUDIES IN THE USE OF 
TEACHING MACHINES WITH YOUNG NORMAL CHILDREN 
( 1) Introduct ion 
We saw in Chapter 1 that few studies in the USe of 
teaching machines with S.S.N. children had been performed. Accord-
ingly there are few which may be used as background to the present 
work. Therefore we m~ fruitfully ask whether studies conducted 
with different experimental subjects could be sufficiently relevant 
to be of any value to us in this respect. 
There are in fact a number of studies in which teaching 
machines which, like the Touch Tutor, emp~ the principle of matching 
to sample for the presentation of subject matter and which, again 
like the Touch Tutor, are essentially Skinnerian in emphasis. Three 
main groups of such studies occur in the literature, namely, studies 
with mildly subnormal children, studies with adult aphasic patients 
and studies with pre-school and primary normal children. Although 
these studies are with groups of subjects whose educational problems 
may be very different than those which are presented by the S.S.N. 
the fact that information about the use of matching to sample machines 
is available with subjects for whom conventional machines requiring the 
ability to read or write fluently are not immediately suitable, makes 
a consideration of these studies worthwhile. In this Chapter studies 
with young normal children will be reviewed;'the next Chapter will 
review studies with adult aphasic patients, with the m~ly subnormal, 
and the relevant studies conducted with the S.S.N. The general plan 
of these reviews is to present details of each programme of research 
and then to discuss the work in relation to its own aims and in 
relation to other studies. At the end of each Chapter an overview and 
synthesis of the studies will be made. It may be thought that undue 
space is given to each study. The mainreS;$on fo:.. ... this is that the 
studies themselves are long, being presented in detail; a second 
reason is that for our present purposes it is a knowledge of the details 
of each stuqy which is of value, rather than their overall conclusions. 
(2) Skinner's idea for a machine and its influence 
In one of his introductory papers to the idea of using 
teaching machines in education Skinner (1961a) described different 
kinds of teaching machines and the various rationales which underlay 
their use. One of them aimed to teach people to make discriminations: 
"The apparatus is adapted from research on lower 
organisms. It teaches an organism to discriminate 
selected properties of stimuli while 'matching to 
sample'. Pictures or words are projected on translucent 
windows which respond to a touch by closing circuits. 
A child can be made to 'look at the sample' by reinforcing 
him for pressing the top window. An adequate reinforcement 
for this' response is simply the appearance of materials in 
the lower windows, from which a choice is to be made. 
The child identifies the material which corresponds 
, 
to the sample in some prescribed way by pressing one of 
the lower windows. If he presses the wrong window, all 
three choices disappear until the top window has been 
pressed again - which means until he has looked again 
at the sample. Many other arrangements of responses and 
reinforcements are, of course, possible. In an auditory 
version, the child listens to a sample pattern of tones 
and then explores the other samples to find a match." 
(1961a; quotation taken from Skinner (1961c) p.182.05) 
A picture of this machine is given in Figure 2.1. Skinner 
goes on to describe why he feels it necessary to teach a child to make 
discriminat ions: 
"We call an effective person 'discriminating'. He can tell 
the difference between the colours, shapes and sizes of 
objects •••• Subtle discriminations ••• are as important 
in science and industry and in everyday life as in 
identifying the school of a painter or the period of 
a composer." (~.) 
But what he feels especially important is the fact that 
machines would be more effective in teaching discriminations than would 
the human teacher since: 
"The number of reinforcement s required to build discriminative 
behaviour in the population as a whole is far beyond the 
capacity of teachers. Too many teachers would be needed, 
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Figure 2.1 
A teaching machine described by Skinner (1961a ) as suitable 
for teaching mentally handicapped and pre- school normal 
children to ' discriminate '. The machine was used by Hively 
(1962 ) in a study of the acquisition of matching to sample 
behaviour by young normal children. 
( 
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and many contingencies are too subtle to be mediated 
by even the most skillful." (ibid.) 
The machine will patiently present material which requires 
the child to make discriminations, reinforcing him immediately when he 
responds correctly. It should encourage him to pay attention to the 
material by virtue of this reinforcement. The subject matter the 
machine would teach and the effectiveness with which it would do so 
would, according to Skinner, have a profound educational effect: 
Itlf devices similar to these •••• were generally available 
in our nursery schools and kindergartens, our children would 
be far more ocillful in dealing with their environments. 
They would be more productive in their work, more sensitive 
to art and music, better at sports, and so on. They would 
lead more effective lives. We cannot assert this with 
complete confidence on the present evidence, but there is 
no doubt whatsoever THAT THE CONDITIONS NEEDED TO PRODUCE 
SUCH A STATE OF AFFAIRS ARE NOW LACKING. In the light of 
what we know about differential contingencies of reinrorce-
ment,the world of the young child is shamefully impoverished. 
And only machines will reme~ this, for the required 
frequency and subtlety of reinfor~ent cannot otherwise be 
arranged. It 
(££.cit. p.182.07; Skinner's emphasis.) 
Skinner does not seem personally to have carried out much 
work with this machine; according to Holland (1960) he prepared a 
matching to sample programme designed to teach the abstract properties of 
form to young children, but few details of this are mentioned. These 
words of Skinner seem rather to be based upon the work carried out by 
Hively (1960, 1962) and by Long (described in Holland, 1962), although 
the credit for designing the machine belongs apparently to Skinner 
himself. He himself notes it similarity to his operant apparatus 
designed for use with pigeons - a picture of which is given for comparison 
purposes in Figure 2.2. 
Having described the origins of the machine which will be 
with us, in various disguises, for the remainder of this thesis and 
its advantages, as seen by its designer, let us inow investigate how 
the machine was used and how far it might be said that Skinner was 
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Figure 2.2 
A typical ' Skinner-box ' for a pigeon, illustrating the origins 
of the matching to sample teaching machine. The pigecn pecks 
the circular key, obtaining food for doing so if certain con-
ditions are met . One such condition could be the presence of 
the word 'Yes ' on the key . If the pigeon pecked only when 'Yes ' 
appeared he would be showing that he had learned to discriminate 
between certain visual symbols . 
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justified in his descriptions of it. 
(3) The work of Hively 
Hively's work falls naturally into two phases: the 
first phase of work is described in his first paper in 1960 and the 
second is described in 1962. 
Both of these pieces of research involve a matching to 
sample teaching machine and both involve young children of normal 
ability. They differ in emphasis and in a number of details only, 
but these differences enable the reader to think of the two pieces 
of work as separate. 
(i) Hively's First Study 
The "main purpose!~ of Hively's first programme of reseach 
"was to see how effectively the apparatus alone shaped and maintained 
the behaviour of the children." (1960, p.251, Hively's emphasis). 
The apparatus was a machine essentially similar to that described by 
Skinner above. It contained three response panels, in a triangular 
display, which displayed stimulus materials, delivered automatically, 
on cards measuring 5" x 8". The machine operated in the following 
manner: 
"Each time a stimulus card was presented, only the 
sample window was lighted. Responses to the unlighted 
choice windows had no effect. A response to the sample 
window lighted the choice windows and made them operative. 
When the choice windows were lighted, a response to the 
correct window (in which the match appeared) caused a bell 
to ring and a new stimulus card to be presented ••• A 
response to the incorrect window (in which the alternative 
appeared) darkened the choice windows and made them 
inoperative. Another response to the sample window was 
required in order to light and activate the choice 
windows, another choice response could then be made, 
and so on." (1960, p.251) 
Pictures of the machine and of the stimulus materials 
used with it are given in Figures 2.3 and 2.4. The teaching material 
was divided into two series of cards. In the first series each card 
carried only two pictures; in the second series each carried three 
pictures, thus presenting a full matching to sample task to the child. 
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Figure 2.4 
Examples of the programme material used in Hively ' s first study 
(1960) . Card 'A' shows a typical ' one-choice ~ slide with 
no non-matching stimulus . Cards 1 to 5 show items of increasing 
difficulty in 'matching to sample ' format , with the size of the 
non-matching stimulus increasing from relative insignificance 
(Cards 1 and 2) to equality in size and eventual dominance over 
the matching stimulus (Cards 4 and 5). 
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In this second series (see Figure 2.4) the incorrect stimulus 
item appeared faintly at the beginning and increased in prominence 
as the series progressed. Each series contained approximately 120 
cards. 
21 children of normal ability, ranging in age from 3 to 
~ years, were given the opportunity to work with the machine in their 
school classrooms. Hively would demonstrate the operation of the machine 
to an individual child until he was responding frequently to it and the 
leave him to play with the machine alone. 
25 of the 21 children returned to work with the machine 
for as many sessions as were needed to finish the two series of slides. 
Of these children 13 achieved criterion responding on the first series 
of slides and 4 achieved criterion on the second series. The remainder 
of the children responded either to a single choice window throughout 
the slides, to the window which had last operated the apparatus, or 
they pushed both windows at once, or they responded apparently 
randomly. 
(ii) Discussion of the First StUqy 
Hively does not devote much discussion to an analysis 
of what had been achieved in the study. He notes that the apparatus 
"within the modest limit s which were set" provided enough reinforcement 
to keep children working in competition with other school activities 
(1960, p.252). In addition, "simple discrimination and matching 
performances were taught with moderate success." (ibid.) He 
attributes the development of patterns of incorrect response in many 
of the children to accidental contingencies of reinforcement resulting 
from the machine's mode of operation and believes that improving the 
precision of this could help to eliminate them. In conclusion he notes: 
"Simple discrimination and matching performances were 
taught with moderate success. A number of factors 
which need further stuqy are suggested - most of which 
involve the elimination of spurious contingencies of 
reinforcement. The prospect of developing an efficient 
'associative discrimination teaching machine' seems good, 
and such a device has exciting possibilities as a means 
of teaching and testing the very young, the handicapped 
and the mentally deficient. It also offers the possibility 
of stuqying human discrimination with a degree of experimental 
-
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control comparable to that obtainable in experimentation 
with animals." (~.ill., p.256) 
Let us now turn to Hively's second piece of published 
research (1962) to see how the findings of his first experiment were 
developed. 
(iii) Hively's Second Study 
The children used for this stuqy were older than those 
used in the first stuqy (5 years 8 months to 6 years 10 months) and 
he used a different design of machine (see Figure 2.]). While 
basically similar to the machine Hively used in his first stuqy it 
differed and Hively does not say why, in several respects. The most 
marked of these was the simpler mode of operation it used. A child 
would see both stimulus and response stimuli illuminated before making 
a response. Reinforcement for correct responses was the immediate 
changing of the slide; incorrect responses had no effect on the machine 
and the child could respond again immediately if he wished. 
Hively also used completely different stimulus figures. 
These were now four nonsense shapes, which differed systematically in 
size, shape and colour, and which were used in all of the teaching slides. 
The starting point of this stuqy was the result obtained 
with six of the children. These children were introduced to the machine 
by the experimenter (E.) demonstrating the operation of it and then 
by his encouraging the child to do the same himself. In three sessions, 
none of these six children learned to match the pictures correctly. 
Instead, they responded in various ways similar to those Hively had 
noticed in his first experiment. This led Hively to consider a way in 
which they might be taught to respond to the matching relationship 
and the way he decided upon was to begin with an easy discrimination 
which would then lead the child to the final hard discrimination through 
a series of 'successive approximations'. The remainder of the paper 
describes his attempts to create a sequence of progressively difficult 
discriminations, leading up to the matching to sample task required 
in the stuqy at the beginning of this paper. 
Hively produced, after a number of revisions, a programme 
of slides which seemed to teach children to match correctly. The 
programme contained 132 slides leading up to a criterion programme 
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of 94 slides which Qontained the final, difficult discrimination. 
The various units of this programme of slides are given in diagrammatic 
form in Figure 2.5. 
Hively was confident that the programme was the right 
length, that experimenter effect, or the children telling other children 
how to operate the mach~ne was not responsible for the improved results 
, 
of the various amendments of the programmes, and that leaving out the 
transition series of slides reduced its efficacy, by a number of short 
comparison experiments carried out with further children of a similar 
age. 
(iv) Discussion of the Second Stu~y 
One of the most striking impressions one gains from this 
latter stu~ concerns the difficulty Hively encountered in using the 
teaching machine with these children. Hively again attributes this 
difficulty to accidental contingencies of reinforcement but admits that 
these are not necessarily the fault of the operation of the machine; 
or of the arrangement of the programme slides: 
" •• no matter how carefully one designs a sequence of 
correlations between the occurrence of stimuli and the 
availability of reinforcement, the actual contingencies 
of reinforcement in a given case depend upon what the 
subject observes, which in turn depends upon the 
individual subject's history. From the experimenter's 
point of view, it is a matter of chance.tI (1962, p.292) 
This difficulty will be made worse in a complex 
discrimination problem, Hively believes, because the subject is less 
likely to observe the relevant stimuli. The difficulty seemed to be 
lessened by presenting subjects with a series of progressively difficult 
discrimination problems. Naturally, of course, there were some problems 
in this. Hively notes the occurrence of errors, after long runs of 
correct responses, and attributes these to boredom. In other groups of 
subjects errors occurred, it seemed, as a result of too abrupt 
transitions between the different parts of the programme. What Hively 
does not comment upon is the difference between the two machines he used 
in their manner of presenting the stimuli. The mode of operation of 
his first machine would seem to have an advantage over the second in 
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Figure 2.5 
Steps in Hively's (1962) teaching programme 
Series Elcamples 
2SCO (20 slides) 
TRANSITION (24 slides) 'Fading in' incorrect response stimulus 
2SC (20 slides) 
TRANSITION (16 slides) 
2C (20 slides) 
2 (16 slides) 
TRANSITION (16 slides) 
Position of sample moved 
to centre position 
~ 
ELJ:iJ 
IntrOduction of two additional stimuli 
4 (94 slides) 2 choice matching to sample with 4 stimuli 
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requiring the child to respond actively to the sample stimulus 
panel before responding to the lower panels. As we shall see 
shortly, this difference could have helped to make the matching 
task easier for the children, removing some of the need for 
Hively's detailed teaching programme. 
It is difficult to see that Hively's second machine 
has become a device with "exciting possibilities" for teaching 
or testing the handicapped. Interestingly, Hively does not 
mention what he believes ar~the implications of the machine 
for such purposes. The discussion is concerned with the implications 
of the work in terms of previous research in discrimination learning 
and in terms of the reinforcement values of the machine. 
Difficult also is the belief that Hively's work with 
Skinner's machine justifies its maker's faith in its powers. 
Skinner seems to have been a little premature in saying, at 
least on the evidence with which Hively has presented us, that the 
machine is exposing children more skillfully than could teachers 
to the "precise contingencies needed to build subtle discriminations". 
And yet, we must ask whether it has been given an adequate trial. 
Perhaps we should look also at the work of Bijou (1968, completed 
in 1962) with a matching to sample machine of a similar design 
before judging Skinner's claims too harshly. 
(4) The work of Bijou. 
Bijou's machine was essentially similar to Hively's 
and to the one mentioned by Holland (1960, 1962). Its 
specifim mode of operation was as follows: The child, sitting 
in front bf the machine, would experience the following sequences 
of events: The top panel would first be illuminated, showing a 
sample picture. If S. pressed the sample, the match pictures 
would become illuminated. If S. now responded corre ctly, 
a red light would flash on, chimes would sound and a new sample 
picture would appear. Were': he ino",rrl3ot, the bottom pictures 
would disappear and the child would have to press the 
sample again. If he were then correct in his response choice the 
machine would deliver the reinforcement but instead of advancing to 
the next slide in the programme would move back to the previous one. 
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Figure 2. 6 
The machine used by Bijou (1968). See text for description 
of its mode of operation. 
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This procedure would, therefore, reinforce all touch 
responses, differentially reinforce correct responses, and halt the 
child around a difficult slide, preventing him from moving ahead by 
haphazard responding. In these respects it aimed to control the S's 
performance more closely than did Hively's machines. It should, 
incidentally, be noted that in most of the programme frames the child 
had to respond from five response choices. 
The subject in Bijou's experiments with this machine were 
90 children whose ages ranged from 3 years 3 months to 6 years 11 months 
(89 retarded children took part in a later study, which will be described 
in Chapter 3). Children received introductory instructions in the use 
of the machine at the beginning of the experiment and were then left to 
work through the various slides of the teaching programme on their own. 
This teaching material is the most important aspect of the 
study for Bijou; his aim was to study some aspects of the children's 
perception of the orientation of visual forms - as he called it -
their possession of 'left-right' concepts: 
"The aim of the research described here was to explore 
what is involved in constructing an experimental history 
which would enable a child to discriminate geometric 
forms differing in left-right orientation. More 
specifically, the question was: What materials and 
procedures must be developed so that a retarded child 
can demonstrate a left-right concept, or can make 
orientational discriminations on nonverbal material?" 
(1968, p.66) 
The 90 children were used in small groups to develop and 
evaluate the programme of discrimination training slides. Bijou gives 
no details of the development stages of the research but only of the, 
final testing of the programme with 6 normal children and of its later 
development with retarded children. Let us now look at the programme 
Bijou developed with normal children. It consisted of 270 programme 
slides, divided into 'elementary', 'intermediate', and 'advanced' sets. 
The "elementary" set consisted of a number of slides 
designed to ease the child into the operation of the apparatus. A 
typical slide is shown in Figure 2.7 as slide 1-1. B,y slide 1-10, 
the child would be matching from 5 response choices and the difficulty 
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I-I 1-10 
1-13 1-14 
1-24 
n 
1-20 1-40 
Figure 2.7 
Slides from the 'elementary' (above haizontal line) and the 
'intermediate' (below horizontal line) sets of Bijou's (1968) 
programme for the training of 'left-right' discriminations. 
See text for explanation. 
continued! 
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I-I 
1-14 1- 22 1-29 
l~u!L.II .. ~~ .. ~1 
1- 35 2-2 2-8 
I~ .. ~ .. ~ II ~ r : ~ .. I 
4-7 5-3 5-38 
Figure 2.7 (continued). 
Slides from the 'advanced' set of Bijou's (1968) programme. 
See text for description. 
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of the discrimination required would be increasing. The series 
continues to 24 slides, when the child would r be responding to 
pictures which contained a 90 degree discrepancy in rotation 
between the match and the sample. 
In the "intermediate" set of 40 slides, rotational 
discrepancies between the match and the sample varied by as much 
as 180 degrees. The middle and last slides of thisffiries are shown 
below the horizontal line in this illustration from Bijou's paper. 
The "advanced" set comprised 206 slides, designed to train 
children to make discriminations between mirror images and nonmirror 
images of three forms presented with rotations in the vertical plane. 
As the illustrations of the slides from this programme show, the 
fineness of the discrimination required of the children increased 
markedly over the series. Bijou mentions that this increase was 
purposively gradual -'he said that he had found 'fading,(~lluable 
and therefore employed it as a guiding principle in the arrangement 
and design of the programme slides. Hively; did, of course, use an 
essentially similar principle. 
Bijou's evaluation of the effectiveness of this training 
programme was made with six normal children, before he began to stuqy 
its use with retarded children. Testing the children with a represent-
ative selection of slides from the training programme before and afterL' 
working through it he found that children made errors on about half 
of the slides in the Pre-test and on about 15% of slides in the Post-
test. Thus, Bijou concluded, the training sequence was effective in 
training children to make these discriminations. Moreover, the training 
seemed to generalize to figures other than the ones in the programme: 
a set of novel forms was included in the post-test to measure 
generalization. 
Discussion of Bijou's work 
Bijou's paper reflects a different emphasis than Hively's 
(1) Terrace (1963a,b) had shown the value of gradually changing 
selected properties of discriminative stimuli in the direction 
of the nature of the final discrimination required to be made by 
pigeons in an operant task. The pigeons acquired the discriminations 
more rapidly than they would have done under conditions of 
'differential reinforcement'; hence 'fading' proved to be a superior 
teaching method than more classical operant procedures. 
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in the use of teaching machines with young children. Hively had 
apparently intended to use his machine to study concept formation 
in young children, but was prevented from this by the difficulty 
his subjects seemed to have in matching to sample. His research 
was therefore predominantly concerned with stuQying the problems 
the children had in this and with a w~ in which the difficulty 
might be overcome. Bijou, on the other hand, had no such problem. 
His subjects seemed to acquire the matching principle quickly and 
were thus ready to receive the more difficult slides Bijou was using 
as his testing and training medium. It is certainly interesting to 
ask why two apparently similar groups of children appear to have such 
discrepant matching to sample ability. For an answer, we shall turn 
to our next stuQy in this section, which was based on both the studies 
of Hively and Bijou. It was carried out by Fellows (1965) and forms 
part of his doctoral thesis. 
(5) The work of Fellows 
Fellows' work is valuable as a piece of original work 
in its own right, but it is more valuable as a piece of work which 
draws together the rather paradoxical work of Bijou and Hively and 
which adds to these almost exclusively Skinnerian stUdies some of 
the vast range of research conducted in the traditional framework of 
discrimination learning and in the field of the perception of orient-
ation in visual figures by children which is relevant to Hively's and 
to Bijou's work. 
Fellows' research has, as its rationale, that the use of 
teaching machines has much to offer the experimental psychologist as 
a means of conducting research which would otherwise be difficult. 
Interested in the perception of orientation in children, he saw 
in a machine like Hively's a way of testing children's perception 
of orientation reliably and accurately. And he was interested, too, 
in the discrimination process itself: matching to sample was a complex 
task, he believed, for young children. To watch them working at 
matching problems would be interesting and important in itself: 
"It was thought that not only would matching provide 
an effective procedure for manipulating the stimuli, 
and so enable many more actual discriminations to be 
tested per trial,than either the classical approach-
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avoidance discrimination learning procedure, or the 
discrimination learning-set procedure •••• would allow; 
but also it should provide an interesting skill in 
itself, on which to perform a functional analysis." 
(1965, p.6) 
Fellows' preliminary reading showed him that matching 
was 'cognitively quite a complex task and one which a young child 
(4-5 years of age) cannot consistently cope with." (1968,. p.10) 
Nevertheless, he saw no reason why the childr.en in Hively's mmple 
for his second experiment should have any difficulty, especially 
when they were, in fact, much older than this (5 years 8 months ~·o 
6 years 10 months). He explains (1968, p.74) what he believes is 
the reason. 
"If we look closely at Hively's procedure the explanat ion 
is clear. The fault lay in the incomplete and misleading 
nature of his initial instructions to the subjects. Not 
only did they fail to mention the discr~native stimuli 
or the need for matching, but they actively drew the child's 
attention to the response features of the task. As far 
as the child was concerned the game was merely to press 
the windows and make the lights change. One feels the 
training procedure might have been 'more successful had 
nothing been said." 
Fellows confirmed this suspicion concerning Hively's 
instructions in a brief experiment with a similar machine and 2 groups 
of 10 normal 5 year old children. One group, receiving Hively's 
instructions did not learn to match to sample under conditions of 
differential reinforcement of correct responses. The other group, 
receiving Fellows' v~rbal instructions learned to match to sample in 
26 slides. 
These instructions, used in the majority of Fellows' 
experiments involved telling the child to 'look at the upstairs window', 
then to 'look at the downstairs window' and to 'find the two patterns 
which are exactly the same'. The game, the child was told, was to 
'find the right pattern and make the window light up every time' 
(the feedback in Fellows' machine). -Each child was given two demon-
stration items and allowed eight practi~e items, in which verbal praise 
was given for correct responses and slight verbal admonishment for 
incorrect responses. This procedure was then repeated as necessary 
until the child scored 9 out of 10 correct responses. Thus we can 
see that the difficulty children had in learning to match in Hively's 
experiments was probably due to the instructions they received at the 
beginning of the experiment. It would seem necessary that the instruct-
ions must be aimed at drawing the child's attention to the essential 
features of the task if they are to teach successfully and it appears 
that Hively's failed to do this. We can therefore surmise why Bijou was 
more successful. Not only were his instructions geared to the nature of 
the task: "Put your finger on this (sample in upper window) and press it. 
Find one here (choices in lo~er window) just like it, and press it. 
Good." (Bijou, 1968, p.69) but the instructions were repeated until the 
child responded to three. consecutive-~lides correctly. In addition, 
the machine operated in such a way as to continually draw the child's 
attention to the need to look at the top panel before responding. 
Unfortunately, however, things are not so simple as they 
might seem. One other vitally important factor in the acquisition of 
the skill of correct matching to sample by the child would seem to be 
the child's developmental age, using the term loosely. Two things 
point to the value of considering this factor. Firstly, Hively's 
first machine used a 'split' form of operation, as did that of Bijou, 
and yet children found difficulty in learning to match to sample 
(Hively also used instructions similar to those of Bijou, and his 
sequence of matching problems were of 'faded' format). Secondly, 
when Fellows' attempted to teach matching to younger children than 
those of five years of age, he found the instruction sequence unsucc-
essful (1965, p.385; 1968, p.81) and concluded that below a Mental Age 
(Chronological Age in these normal children) of about 4 years 6 months 
matching was difficult for the child to master, ascribing this to these 
children having a poor facility in the use of linguistic mediators, as 
well as to such children's tendency for 'impulsive' responding in tasks. 
The remainder of Fellows' experiments were concerned with 
testing the perception of orientation in children by means of the 
matQung to sample task. In practice, this meant teaching children to 
match to sample with simple figures and then noting the kinds of 
orientations which caused children to make errors in matching. Fellows 
verified that left - right reversed figures such as b-d were harder for 
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children to discriminate than figures differing in any other kind 
of orientation, and devised a means of training children to perceive 
orientat ions, which al though it met with some succe ss, did not yet 
seem to be helping the children to match in terms of orientation more 
successfully. Interestingly, this method was unlike the training method 
of Bijou who used his machine and an appropriate programme of slides to 
train children to respond to figures Wich differed in terms of orientation. 
Fellows regarded this method as time consuming and requiring somewhat 
different apparatus. He used instead a modif.ication of the machine he 
used to test the children's perception of orientation - but notes that 
he has had some difficulty inserting the device (which was intended 
to encourage the child to observe the nature of the difference between 
the stimulus figures) into the sequence of events needed to operate the 
machine without causing a severe interruption. 
(6) Staats' operant approach to the teaching of reading 
Staats' aim, over a number of years of research, has 
been to develop a detailed understanding of the role of learning in 
the acquisition of complex human skills such as reading, writing and 
arithmetic. To this end he has applied the principles of operant 
conditioning (and of classical conditioning and the results of studies 
with different 'theoretical' orientations, where these WEre relevant to 
the learning of these skills) developing, from this detailed S-R analysis, 
what he hoped were more effective teaching methods for them. 
One of his most recent expositions of his ideas and work 
(Staats, 1968) shows that, in addition to increased understanding of 
these skills resulting from his theoretical analyses, there have been 
two main outcomes of his work which have immediate practical implications. 
These are the use of a matching to sample teaching machine as a means 
of more effectively studying reading as a complex skill and of teaching 
it, and the training of relatively untrained personnel in a variety of 
teaching methods based on Staats' analyses of reading, writing and 
arithmetic. The latter had arisen from the successes Staats had 
obtained with his daughter Jennifer before she started school. He 
believed that his application of 'learning principles' had accelerated 
her educational development and wished to extend this to other children. 
To do this required, however, more staff. He therefore trained more 
staff in his methods calling them 'therapy or instructional technicians' 
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(1968, p.323); these worked, in one study, with culturally deprived, 
pre-school children with apparent success. The implications for Staats 
were that such methods might fruitfully be taught to parents or to other 
relatively untrained persons, so that pre-school, or handicapped, children 
in general might be helped. 
These studies with Jennifer and with other pre-school 
children did not exclusively employ particular methods or pieces of 
apparatus; rather they took a free approach to the actual teaching 
derived~om the principles of Staats' theory. In contrast, the research 
which preceded and laid foundations for these studies had a much narrower 
orientation. This research was Staats' use of a matching to sample 
machine as a means of studying the acquisition of reading skills in 
the child. 
Staats' teaching machine studies - and even his whole 
research programme - may be seen as having their roots in the thoughts 
which led to a paper on the relationship of speech development to the 
learning of reading (Staats and Staats, 1962). This paper, inspired by 
Skinner's (1957) S-R analyses of language, suggested that reading and 
speech are analogous processes in terms of what must be learned by the 
child. But, they suggested, speech in practice is 'taught' more 
efficiently than reading - the difference between the two being in the 
poor use of reinforcement in the latter: 
"We considered the acquisition of reading to involve 
getting the child to emit an appropriate vocal response 
while looking at a particular verbal symbol and then 
reinforcing the response. This training should establish 
the verbal symbol as a discriminative stimulus that 
controls the vocal resppnse • 
•••• we compared the way speech is acquired to the way 
a reading repertoire is' established. We concluded that 
reading training is not as effective. The usual training, 
unlike what would be recommended from a learning theory 
view point, is relatively intensive ~ involves poor 
conditions of reinforcement ••• as a first step, a 
learning analysis suggested that there are aspects of 
training that might be facilitated by a better under-
standing of reinforcement within the context of reading 
acquisition." (Staats, 1965 p.31) 
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~e immediate result of this was a series of experimental studies 
consisting of: a preliminary demonstration of the value of such 
extrinsic reinforcement as toys or sweets in facilitating the learning 
of a sight vocabulary in four year old normal children (Staats ~ ~., 
1962), a more fully controlled experimental set-up for stuqying such 
behaviours, comprising a matching to sample teaching machine, token 
reinforcement system, and recording apparatus (Staats, 1964),(6ee 
Figure 2-8), preliminary testing of this (Staats, Minke, Finley, Wolf 
and Brooks, 1964) and a fuller evaluation of reinforcement variables 
(Staats, Finley, Minke and Woif, 1964). 
The outcome of these studies was a firm belief in the 
value of reinforcement in the teaching of reading discriminations and 
of the value of the matching to sample teaching machine and ancillary 
apparatus as a way of stuqying such processes in a controlled laboratory 
1 
setting. They had demonstrated that young children of pre-school age 
would, if reinforcement were provided, maintain a high rate of correct 
responding on the machine. Re~ponding would be more frequent on an 
intermittent schedule (Variable Ratio, or mixed Variable Ratio-Variable 
Interval) than under continuous reinforcement (CRF) and more frequent 
under CRF than under no reinforcement. Children responded well to the 
token reinforcement system, by which tokens delivered by the machine 
could be exchanged for chosen toys, on a ratio basis. The overall 
system had maintained two children's interest over 40 daily 20 minute 
sessions. Having thus shown the wo~kability of the overall procedure and 
having seen some of the important variables in maintaining children's 
discrimination behaviour in it Staats was ready to extend the 'system's 
application to other children. As a start, he chose six mentally 
retarded children; det ail s of the result s obtained with them will be 
given in a later section of the present work. 
Little has so far been said either about Staats' actual 
machine, or about the programme materials he devised for it. As it 
is important to know something about both of these, we shall consider 
them briefly before proceeding to discuss Staats' work. 
Staats' teaching machine consisted, as can be seen in 
Figure 2.8, of a matching to sample stimulus pres~tation unit, a token 
reward dispenser to the child's right, a Universai Feeder which delivered 
trinkets and sweets in exchange for the insertion of one token to the 
Fisure 2.6 
The up riJIlental t-up b7 Staat in various tudiea 
( ee text) . Th child is spoDdin to the st ul.us d1aplq 
udt. On his right is a devioe which will deliver aarbl 
atter a corr t re&pOns chase. Marbl 
be ' spent ' ither 1"or the t018 on ch1ld ' a right or 
in tb tunnel. marb d lted in the funnel will lead to 
trinkets 01 
child t., left . 
i.ng depo lted in the cont rem th 
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child's left, and a selection of toys on the child's far right which 
could be exchanged for different numbers of tokens. In front of the 
child was a doorbell-type push-button. 
The aim of the machine and its ancillary apparatus was to 
present a reading task to the child, to which he would pay attention, and 
to maintain his interest in such tasks over a long period of time. This 
is seen by Staats as predominantly a problem of prec1se and powerful 
reinforcement; whether the child ultimately learns to read or not is 
initially immaterial - if the machine and the reinforcement contingencies 
it p~ents can control and maintain 'unit' reading responses better teaching 
of reading can later be effected by improved programme design. 
The basic definition of a correct response in each of the 
reading tasks the machine presented was that S. said the name of a reading 
character while looking at it. This requirement was fulfilled if ever a 
stimulus was presented and S. 'read' its name alouu within ten seconds. 
Normally, however, S. would not know the name of the reading character so 
that the requirement had to be achieved another way. S's first response 
in each reading task was to press the push button. This illuminated a 
sample stimulus and three response choices, one of which was identical to 
the sample. S. could then read the sample stimulus, for which he would be 
immediately reinforced. If, in 10 seconds he had not done so, E. (who 
was out of sight) read the name of the sample aloud. S. was then required 
to echo this name, press the top, sample stimulus, repeat the name, find 
the matcning character and press it and then to press the button below 
this. Reinforcement would then be presented according to the reinforcement 
schedule in force at the time. If an incorrect response occurred at any 
point in the response chain, a buzzer was rung and E again read the character 
S. would then have to repeat the whole chain. 
Staats offers little description of his programme materials 
in his early descriptions of his teaching machine and notes merely that 
he. used letters and 'letter-pairs' as reading 'units'. In 1968 he discusses 
them more fully, but even then devotes more space to theoretical analyses 
of the skills involved in reading than to the results of his practical 
studies. 
He suggests that while reading is a complex process, in the 
early stages of its acquisition a principle task to be mastered is that of 
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discriminating between letters and groups of letters in a variety of 
contexts: 
"Many investigators concerned with reading have pointed 
out that in the English language the same letter stimuli 
must often come to control different speech sounds when 
the letters are in different contexts. The letter 'a' 
is responded to variously, as in 'father', 'fate', 'fat', 
and so on. One stimulus must thus come to elicit several 
responses depending upon the context in which it occurs. 
This represent s a complex type of learning." (1968, p.220) 
To overcome this Staats suggests the use of diacritical 
marks in conjunction with letters. Thus an 'a' would be intended to 
elicit the 'a' sound of 'father',. whereas an ,~, could be intended to 
elicit the 'a' sound of 'fate'. Learning to read, in the early stages, 
would then be a process of the child learning to give the appropriate 
name for a variety of these symbols - and this could be done, Staats 
believed, with good experimental control by the apparatus already 
described. 
Unfortunately, Staats does not describe much work in which 
the system is evaluated(1). His most detailed description occurs with 
his account of the responses of retarded children to the teaching machine 
apparatus but this is used primarily as an illustration of the methods 
by Wich the children were taught to discriminate between these quite 
difficult stimuli rather than of its effectiveness as a method of teaching 
reading. 
Discussion 
Staats has shown that young pre-school normal children will 
discriminate a variety of 'reading' stimuli (mostly letters and letter-
pairs) presented on a teaching machine, demonstrating their ability 
either by naming the stimulus, or by responding correctly to it in a 
matching to sample task. They are sensitive to the reinforcement schedule 
(1) Recently, Johnson ~~. (1972) modified parts of books by the 
addition of diacritical marks to indicate letter sounds. Children 
using these books in the first stages of learning to read proved 
to be superior to children using traditional orthography (. t .0.) in 
$.ight reading not only in their own medium but also in t. o. , and to 
be superior in spelling and in free composition. 
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offered by the machine, responding less often when no reinforcement is 
given or when it is continuous, than when it is intermittent. The 
token reinforcement system seemed attractive to the children and in 
at least two of ~m has maintained interest and correct behaviour over 
40 experimental sessions. 
Staats stands apart from the investigators so far described 
in that his main concern in the studies described has been for the 
effectiveness of the reinforcement provided in controlling and maintaining 
the subjects' behaviour. Although Bijou and Hively paid attention to 
reinforcement variables in their studies it was of less experimental 
interest to them than was the arrangement of their teaching programmes. 
In this respect Staats work is a valuable adjunct to the work described 
earlier in the chapter, since it has implications for the extent to which 
such machines may be used over long periods of time with young children, 
in the presentation of material which does not have great variety. 
One other point of interest in Staats' work, which we shall 
discuss more fully in a later chapter, is the value he ascribed to the 
role of instrumental discrimination training by a matching to sample 
machine. Although Skinner and Holland, as we have seen, have suggested 
the importance of this kind of training they have not provided such a 
detailed rationale on its behalf as has St~~ts in relation to the training 
of reading as well as, St~~ts hoped, to arithmetic and writing. Unfortun-
ately, Staats has not yet shown the ultimate value of such an approach 
to the teaching of these complex skills. 
(7) Discussion and conclusion of Chapter'2 
We have discussed four pieces of research which have involved 
young normal children working on matching to sample machines, briefly 
describing the aims of each, looking at what was done and examining their 
conclusions. Let us briefly remind ourselves about the details of each. 
Hively used two teaching machines, setting out with the 
intention of developing them into techniques for teaching young children 
in a variety of tasks. He experienced difficulty with both machines in 
that children had difficulty in learning to match to sample on them and 
therefore devoted a main part of his research to developing a series of 
slides of gradually increasing difficulty to teach children to match to 
sample, which seemed effective for most children. Even so, some children 
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managed to develop incorrect, systematic patterns of response which 
Hively attributed to their particular history of meeting similar 
problems. Thus, a main lesson to be learned from Hively's studies, 
is that unless particular attention is paid to the teaching of matching 
to sample behaviour in normal children with mental ages around 6 years 
and younger, few children are likely to acquire the skill in the short 
term and may develop incorrect patterns of responding. It would seem, 
therefore, to be a cognitively complex skill for such children, although 
not necessarily an impossible one. 
Bijou apparently had no such problem as did Hively in getting 
;. 
children to match to sample and concentrated upon the problems involved 
. 
in teaching children to discr~nate among identical forms in different 
orientations. Like-' IItvely, Bijou graded the problems in order of 
increasing difficulty, working empirically on the basis of errors made 
by similar groups of children, until he had succeeded in teaching them 
to discriminate between mirror and non-mirror images of three forms 
presented with rotations in the vertical plane. 
These positive results led Bijou to believe in the value 
of this type of approach in the teaching of young children and considered 
that such an approach might well be adopted for other subject matters and 
for other children - such as those, like the mentally retarded, who had 
especial difficulty in learning. 
Fello~ work showed us that Hively's second piece of work 
had initially ignored the need to bring children's attention to the 
essential features of the matching task, reminding us of its complexity 
for young children. Bijou had apparently had no difficulty in getting 
children to match to sample, probably because his instructions and machine 
emphasized the task's fundamental requirements. Fellows offered an 
alternative way of instructing young chlldren in matching to sample by 
using a sequence of verbal instructions (although even this sequence 
failed to establish matching in children with M.A.'s below about 4t 
years) and went on to test children's abilities to discriminate between 
differently orientated forms by a matching to sample machine. Unlike 
Bijou, Fellows did not use this machine to teach children to make these 
discriminations, preferring a radically different machine designed primarily 
to teach children to observe differently oriented stimuli because of the 
difficulty and time involved in developing an appropriate set of programme 
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slides - a potentially important consideration in terms of the wider 
educational use of matching to sample teaching machines of the kind so 
far described. 
Staats did not mention any of these investigators in the works 
of his described here and did not seem to have been influenced by them. 
His major consideration was for the role of reinforcement in maintaining 
and controlling. children 's responses to reading stimuli and. his work 
suggested that children would respond to appropriate reinforcement 
conditions by responding to intrinsically uninteresting stimuli over a 
number of sessions. This is not, however, to suggest that the use of 
reinforcement by the other authors described is inferior to that of Staats -
although it is noteworthy that Bijou noted (1968, p.84): "The normal 
children were reluctant to come to the laboratory for repeated sessions." 
Staats' work does, therefore, suggest a way of maintaining children's 
behaviour should their interest flag. In common with the other workers 
Staats paid attention to the components of the skills required by the 
overall task and sought to achieve experimental control of them. He 
, 
paid relatively little attention to the evaluation of programme materials 
for the machine but his theoretical considerations of possible methods of 
teaching reading by the machine has opened the way for such fuller work. 
Taking the four studies together it is possible to draw 
conclusions about the responses of young normal children to such matching 
to sample machines as we have discussed in this Chapter, in terms of the 
information needed for our Analysis of such machines as noted in Chapter 1. 
It will be remembered that the five points of information required were: 
(1) the availability of machines appropriate to fulfilling Skinner's aims 
for a teaching machine for young normal or subnormal children; (2) that 
children would find such a machine attractive to use; (3) that they 
possessed the skills required to operate it; (4) that teachers would be 
able to use such a machine in their classrooms and (5) that sufficient 
programme material would be avilable for it. As a preliminary to 
our main consideration - that of the use of such machines with S.S.N. 
children - we shall consider how far these conditions apply to stUdies with 
normal children described in this Chapter. 
Point 1 : Each of the machines described in the pres6nt 
chapter potentially may be used as Skinner believed necessary for succ-
essful teaching; it has been~parent that the authors. of the four stUdies 
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discussed above have been influenced directly by the 'Skinnerian' approach 
to instruction. 
Point 2: It is not easy to comment upon the extent to which 
children found the various machines attractive to use. Staats' planned 
use of reinforcement seemed to be an effective way of maintaining children's 
interest over a number of sessions, and this may indeed b~ a necessary 
feature of a machine when repeated sessions are envisaged. Certainly, 
children lost interest in Bijou's machine, which gave only lights and 
chimes as reinforcement, for he notes that children were reluctant to come 
to the laboratory to undergo repeated sessions. It is difficult to make 
precise comparisons between the studies of Bijou and Staats in this respect, 
owing to lack of data; Staats does, however, report the maintenance of 
behaviour over 40, twenty:.·minute sessions in two children and over more 
than 1,000 responses in seven children (Staats ~ ~., 1964), in comparison 
to the 270 slides of Bijou's training programme. 
No such difficulty has been reported by Hively or Fellows; 
in both groups of studies no mention is made of children refUSing to work 
with their machines. Hively (1960) notes specific~lly that 25 of 27 
children returned to the machine for as many sessions as were offered, 
which for approzimately half the children was 120 slides and for the other 
half 240 slides. Moreover, he reports that the machine seemed to compete 
well with other school activities over the period of time children worked 
with it (What this was Hively does not say but a vague approximation may be 
obtained from his remark that ehildren took between 4 and 13 minutes to 
work through a set of 40 cards). 
Why Bijou should have had difficulty in maintaining the interest 
of children is difficult to say, but it is noteworthy that his task was 
difficult, requiring children continually to pay attention and to respond 
correctly, whereas those of Hively contained no such sanctions against 
incorrect responses. 
Point 3: Children have had difficulty in the ezecution of the 
matching to sample task required by the teaching machines in this Chapter, 
even when easily discriminable forms have been used as matching stimuli. 
It would, however, seem that this difficulty is a surmountable one for 
some children if care is taken in introducing the task to them. Thus 
matching improved under Hively's fading programme, under Fellows' verbal 
instructions, and seemed good under the combination of verbal instructions 
, 
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and the 'split' operation of Staats' and Bijou's machine. The importance 
of the factor of Mental Age in the execution of correct matching has, 
however, been apparent. Thus a 'faded' sequence of slides, in conjunction 
with a ~plit' mode of machine operation in Hively's first stuqy led to few 
children matching to sample and Fellows' sequence of verbal instructions 
similarly was less effective, with children of lower mental age. Children 
not learning to match to sample have developed patterns of incorrect 
responding which may be encouraged, it has appeared, by 'accidental' 
contingencies of reinforcement arising from the operation of the machine. 
With respect to these, no detailed discussion of their origins has been 
made with the exception of Hively who attributed them (1960) solely, it 
seemed, to the operation of the machine and (1962) to the additional 
factor of the child's previous history of 'attending' to different stimulus 
dimensions. Fellows, it may be noted, devoted time to considering these 
patterns of responding but principally with a view to using them to measure 
breakdown in discrimination performance rather than with a view to under-
standing them, per ~. 
Point 4: Each of the studies makes no mention of how their 
teaching machines may be used in the wider educational setting. This has 
not been forgotten, for all the authors have mentioned that they believe 
their machines to have wider potential. In this desert of commentary, 
however, is one small oasis; Hively notes in his first stuqy that children 
seemed to respond well to his machine in an apparently busy classroom "in 
competition with other preschool activities". It should also be realised 
that this machine was small and self-contained; each of the others, with 
the exception of Hively's second machine which was also apparently portable, 
were machines requiring at least semi-permanent installation. 
Point 5 : With regard to programme materials for these 
machines it is interesting to note the differences in emphasis between 
the various studies as they are presented to us. 
For Hively and Staats understanding the machine and the 
parameters of its operation were the prime aims of initial experimental 
work, after which Staats, but not Hively, paid attention to what he might 
teach with it. For Bijou the machine was a potentially valuable way of 
improving children's abilities in a particular direction, for Fellows an 
experimental tool for investigating their abilities in, as it happened, 
the same direction (forgive the punl) - that of the perception of differently 
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oriented forms. Only Bijou really presented us with the knowledge that 
a matching to sample machine could be used to teach children something, 
although Staats implied that his machine could teach children to disciminate 
between and learn the names of various letters, and Hively showed that 
children could learn to match to sample on the machine. Thus, although 
there is some evidence, as Skinner believed was the case, that such 
machines can teach discriminations, no detailed attempt to show this 
has been made. 
Young normal children, in conclusion, seem to have difficulty 
in the matching to sample task - which m~ be overcome by suitable machine 
design or instructions to the children. Even so, some children may develop 
incorrect patterns of responding on such machines, the reason for which 
may be either their previous history of such problems or cognitive 
immaturity or a mixture of the two. With appropriate attention to 
reinforcement variables, be this extrinsic, or possibly due to intrinsic 
interest of the machine and programme material, their attraction to the 
machine can be maintained over a number of sessions. Little is known 
about the problems of developing and testing programme material in 
variety for such machines but it seems possible that discrimination 
training can be effected by the machine and possible uses for this have 
been tried in terms of the skill of discriminating differently oriented 
forms and letters of the alphabet with, apparently, success for the latter 
and, definitely for the former. Little discussion has been made of the 
problems which might occur in the wider educational use of such machines 
even though it is thought that such machines and principles do have a 
bright future in this. 
There is certainly little in the research so far to substantiate 
Skinner's claim (see p.19) that such machines as we have described have 
made "children •••• far more skillful in dealing with their environments •• 
more productive in their work, more sensitive to art and music •• and 
so on". He had claimed that only machines were capable of building up 
discriminative behaviour, yet we have seen that children may have difficulty 
in using them, may not find them attractive, and have few programme 
materials with which to work. 
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CHAPTER 3: STUDIES IN THE USE OF TEACHING 
MACHINES WITH S.S.N. CHILDREN 
( 1) Introduct ion 
The aim of this Chapter is to continue the investigation of 
studies with machines similar to the Touch Tutor which was begun in the 
previous Chapter. Studies conducted with S.S.N. subjects will form the 
basis of the discussion but ~a obtained from studies with mildly sub-
normal children and with adult, brain-damaged ('aphasic') patients 
with matching to sample machines are relevant and will also be described. 
(2) Extensions of Bijou's studies to mildly and severely subnormal children. 
Bijou, as we have seen, developed and tested his teaching 
procedure on groups of young normal children. At the stage of his final 
evaluation he administered the programme to a group of 89 retarded 
children in a residential school (their chronological ages ranged from 
6 years 4 months to 16 years 11 months; their mEntal ages from 3 years 
10 months to 8 years 10 months; and their I.Q.'s from 32-66). The 
results he obtained with these children led to some revisions of the 
procedures, which were tested on further groups of children of similar 
abilities and age. There are thus two phases to this part of Bijou's 
stu~, and we shall consider them in turn. 
At the end of the testing of the programme developed on 
normal children with these 89 retarded children it appeared that the 
programme was reasonably effective in teaching many of the retarded 
children left-right concepts. While, however, they did well for the most 
part on the "elementary" and "intermediate sets" (requiring discrimination 
of rotated forms) they encountered difficulties with the mirror-image 
discriminations required by the "advanced set" of slides. In general, 
children of lower mental age encountered more difficulty than children 
of higher mental age. Retarded children did similarly to the normal 
children in the "elementary" set, but measurably worse than the normals 
on the "intermediate" set, and therefore presumably on the "advanced" 
set. 
It is not at all easy to learn from Bijou's account how 
children responded to the machine. His first table of results for example 
(p.11) lists, with no explanation, the results of only 8 children on 
the pre-tests and 10 on the post-tests. Whether the children are the 
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same children in the pre- and post-tests and if they are where two 
extra children have come from, is not explained. We have no idea how 
representative these children are of the whole sample of 89; all that 
we know is that their M.A.'s range from 5 years in the pre-test to 
7 years, and from 6 years to 9 years in the post-test. On the pre-
test the group made, on average, errors on half of the slides. Taking 
the number of response alternatives as five, this gives, on the binomial 
expansion, a chance probability of .03. It thus seems, on this basis, 
that children were matching systematically, after their preliminary 
instructions (which were not of predetermined length; children were 
instructed, apparently, until they seemed to be matching well) on the 
difficult slides of the pre-test. This systematic matching continued 
into the slides of the elementary, intermediate and advanced sets for some 
of the children, but we are not clear again about this for some children 
were stopped before finishing the slides because they were making many 
errors. It seems from the tables given by Bijou that some children 
responded well to the instructions and programme, continuing to match 
many of the slides systematically. From this information, we cannot, 
however, form an opinion about the number of children for whom the task 
was initially difficult to acquire or in whom matching deteriorated 
markedly in the face of the increasingly difficult stimulus material to 
lead to completely chance performance. Our main source of information 
has to be Bijou's own impression of the reactions of children as revealed 
by the quote given below, and by the nature of his modifications (see 
below) to his procedures in Phase 2 of this stuqy with retarded children. 
Judging from this, he thought that their matching behaviour was 
unsatisfactory. What we cannot do is a comparison in terms of the results 
of other studies we have investigated in order to be able to define the 
extent to which is was 'unsatisfactory'. 
Bijou decided that the training sequence could be made more 
effective by a numbEr of revisions aimed at improving, firstly, the 
power of the reinforcements delivered by the machine and, secondly, 
at improving the sequencing of the teaching materials. His rationale 
for the former involved a discussion of the effectiveness of the 
reinforcement contingencies of the machine; it provides important detail 
about the differences which may exist between normal and retarded children 
of similar mental age: 
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"It was essential that each S receiving training could 
demonstrate by his own performance that the contingencies 
being employed were functional for him. In other words, 
the light, the chime, and progress in the program 
following a correct response, had to have strengthening 
effects, and the representation of the previous slide, 
following an incorrect response, weakening effects. 
From nonsystematic observation, it seemed that the 
contingencies used were functional for the most part. 
The normal children were delighted with their correct 
. matches and somewhat distressed about their incorrect 
matches. The retarded children also seemed pleased with 
their correct responses, but they were not overly concerned 
with their incorrect matches. Another observation deserves 
reporting: The normal children were reluctant to come 
to the laboratory for repeated sessions; the retarded 
children, on the other hand, were enthusiastic about 
coming and were eager to remain for long periods, although 
during the sessions they displayed considerable extraneous 
behaviors, e.g. nudging windows with the nose, fingering 
windows before responding, and making frequent unrelated· 
comments. However, lacking systematic, objective data on 
the functional properties of the contingencies for 
individual S's, one cannot tell whether serious variations 
in a child's performance were the result of poor programming, 
ineffective reinforcers, or both." (.2ll.ill. p.184; Bijou's 
emphasis) 
With respect to the ordering of the stimulus material, 
Bijou decided to use only one stimulus form and to begin with simple 
mirror-image rotations in the programme, since it was with these that 
children had found most difficulty. Bijou thought that his training 
in non-mirror image rotated forms was contributing little to the intended 
terminal behavior of discriminating rotated mirror images; he gives 
little further explanation, however, of this modifica~ion. 
Turning now to the second phase of Bijou',s study, Bijou's 
first task was to alter the reinforcing properties of the machine in 
order to encourage the child to make a correct first choice to a new 
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t;he. 
stimulus array. This involved strengthening power of the reinforce-
1\ 
ment for correct first'choices, eliminating the 'back up' procedure 
of the machine's going to the previous slide after an error had been 
made, and offering a milder reinforcement for correct responses after an 
error had already been made to that slide. The instructions of the 
Experimenter to the child were also made longer and more ezplicit. This 
procedure was as follows: 
Seating the child at the machine, E. would point to the 
sample on the first slide, saying; "See this? Push on it and see what 
happens." If S. did so, the lower panels would be illuminated, revealing 
the choices. Pointing to the five choices, E. would say, "Find one like 
it here." (S. should point to the correct form) "Yes, push on it and see 
what happens." (If S. did so, light flickered, chime sounded, and bead 
rolled into a plastic box, visible to the child but unobtainable. The 
slide would 'thck out, and the next sample appeared.) "That means you 
were right." Pointing to the sample, E. would repeat the instructions. 
If S. responded incorrectly during this instruction the directions would 
be repeated from the beginning. 
On the fifth slide E., having pointed to the sample would 
say: "Let's find one that is not like this one and see what happens." 
If the subject made the intended incorrect match, the choice would be 
followed by a buzz and 1il.ackout of the choices. "That means you were 
wrong." Pointing again to the sample, E. would say 'Push on it again' 
(Choices appeared) "Find the right one this time. Go ahead." Having 
thus started the child on the programme, he would be allowed to continue 
working with the machine for 30 further slides. At the beginning of each 
subsequent session, the subject would continue to work with the machine 
until his performance on these slides contained fewer than two errors 
and the terminal points of the day's and the previous day's cumulative 
curve did not differ from each other by more than 5mm. from a point 
midway between them. At the end of each sessi9n the beads would be 
exchanged for toys and sweets on a ratio basis. 
The objective of this pre-training procedure was mainly 
to accustom the child to the operation of the machine. It had also the 
further function of providing the experimenter with baseline data on the 
child's reaction to the machine and the stimuli. At the end of the 
procedure E. would know how attractive the child was finding the machine 
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and its programme, how well he was matching to sample on the simple, 
introductory forms, and how stable his performance in terms of errors 
and response rate actually was. It was not an easy c~iterion to reach, 
however. 14 boys, with an average M.A. of 4 years 10 months (range 3 years 
10 months to 6 years 3 months) took on average 8.5 sessions to reach the 
criterion of stable responding. The fastest S. reached the criterion in 
four sessions; the slowest in 17. 
Bijou's description of the development of the procedure 
here breaks .down. Pre-test - and Training-series of slides are described 
which aim to assess and train discriminative ability in the matching of 
mirror image discriminations and rotated mirror image discriminations. 
Three groups of five children were given various forms of training 
programme, but their error rate remained high throughout the programme. 
Bijou concluded that the procedure has been ineffective in teaching the 
left-right concepts to these children, but points out the insufficiency 
of data so far obtained. .He offers little in the way of evaluation of 
the revised procedure, no comment on the effectiveness of the new machine 
design. In general, little detail is given by Bijou after his ~ial 
discussion of his procedure for this second phase of the stu~. 
Discussion of the extensions of Bijou's studies 
One important lesson to be learned from this extension of 
Bijou to his previous work with young normal children is that, although 
the average mental ages of the two groups of children - normal and 
retarded - are approximately equal extrapolations from results obtained 
with the former to the latter can be misleading. The difficulty which 
first presented itself to Bijou was that, even though the retarded 
children were keener than the normal children to come to the laboratory 
for repeated sessions, once they were there they were less influenced 
by the reinforcement contingencies the machine presented than were the 
normal children. Being less concerned about making wrong 
responses, they were less careful in their choices as the material became 
harder, and they learned less and less as the stimulus control exerted 
by the gradually sequenced programme material was progressively lost. 
Bijou notes that 'extraneous behaviours'(for example, nudging the machine 
panels with the nose) appeared, evidence that the machine had lost control 
over the children's behaviour in relation to it, or at least the control 
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the experimenter intended. Bijou clearly made an attempt to increase 
this experimental control but seems to have given up the endeavour, 
I 
leaving us in the air about the effectiveness of his modifications to 
the machine and procedure. 
On the positive side, children seemed on the whole to 
respond well to the machine and seemed to be able to match to sample 
on it. Unfortunately, since Bijou offers little detailed description 
of the numbers of children who responded correctly to the machine in the 
various stages of his programme it is difficult to gain a precise picture 
of its value for them. Apparently, children of higher M.A. (around 7 
years to 9 years) proceeded furthest in the programme, on the whole. 
Bijou, as we might expect, gives little discussion of 
the future he sees in such techniques for the wider education of the 
subnormal. Reservedly, he sees his work merely as a jumping off point 
for later workers. In his conclusion to the paper, he points out that 
the 'In this study •• the method was stressed'. (££. £ii.p.95) This 
method he used, he says, could be applicable to many problems: 
"Clearly, the availability of a workable laboratory 
method would open the way for empirical-functional study 
of theoretical and practical problems in this area •• 
Relative to theoretical issues, the method could be a 
vehicle for ~ experimental analYSis of Piaget-type 
concepts ••• and classical Gestalt problems, including 
perceptual constancy and figure-grou.nd relat ionships •• 
With respect to practical problems, such a laboratory-
type method could provide a functional framework for the 
diagnosis and treatment of learning disabilities such as 
reading retardation,aphasia, and articulatory difficulties •• 
for each of these the prescription for accomplishing 
the task of building or rebuilding behavioral repertoires 
would be described in empirical terms (accounts of procedures 
and materials), not in hypothetical terms, neurological 
or otherwise." (ibid.) 
We are thus being left only with the possibility of such 
a machine being valuable for the mildly and severely subnormal. Little 
more than this possibility is here, however, being given. 
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(3) Staats' extensions to mndly and severely subnormal children 
Staats reports studies extending his work with young normal 
children to six retarded children with I.Q.'s between 61 and 32 and 
M.A~'s between 6 years 5 months and 3 years 2 months. His aim in doing 
this was to discover, by detailed laboratory stuqy of their learning, 
whether their retardation could be a~cribed principally to intrinsic 
'defect' or merely to 'unfortunate envi~onmental (training) circumstances'. 
( 1968, p. 240 ) 
His general plan was to administer the various programme 
materials developed earlier with normal children to the retarded children, 
noting points at which responding slowed down or became incorrect. At 
such points he would make additional slides, or adopt additional 
instructions so as to overcome the difficulty the child was experiencing. 
The results obtained with this procedure suggested one major 
difference between these retarded children and the normal children with 
whom he had worked previously. Whereas it had been possible to introduce 
the various sections of the programmes (i.e. where the nature of the task 
changed qualitatively) with a liberal use of verbal instructions it was 
markedly more difficult with the retarded children. This was particularly 
so in the training of the sequence of operations required to operate the 
32 
machine (see page~above) where normal children had required only two 
sessions to learn the chain of operations but where the two children with 
the highest M.A.'s and I.Q~'s had required five sessions and the other 
children more. Additionally, where, previously, verbal instructions had 
principally been used now increasingly non-verbal methods were necessary, 
particularly for the children with lower I.Q.'s and M.A.'s. 
Despite these difficulties, Staats succeeded in getting all 
six children to the same stage of discriminative performance as that 
reached by the normal children. The child most difficult to train needed 
30 sessions of training with the machine in order to achieve this level 
of performance, with the others taking fewer tnals (no figures are given 
of these for the other children). This finding led him to a predictable 
comment - that "rather than thinking that there are personal qualities of 
intelligence, or ability, talent, and the like, it is suggested that 
individuals have varying degrees of behavioral repertoires that will 
determine how successful they are in that particular task." (.2.E..ill.,p.251). 
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'Thus, he suggested, it is pointless to suggest that, for example, 
retardates have deficiencies in discrimination learning ability (he 
earlier had referred to the work of 'Zeaman:: and. House (1963) in this 
respect, as worker~had suggested this) when what they can be seen to 
lack is merely necessary prerequisite behaviours for the discrimination 
task. Once these are taught, as in this stuQy, the child is seen to 
respond at a more competent level. The wider implication for Staats is 
that: 
"It is more important to conduct studies on how retardates 
learn the types of repertoires they actually need in life 
••• within the laboratory where it is possible to ensure that 
learning conditions are appropriate (for example, reinforee-
ment conditions)... In this way we will be able to discover 
what retardates are actually capable of learning; the 
present findings suggest that it is greater than has been 
thought. • ••• Furthermore, such stuQy should eventually 
culminate in findings which will allow us to devise 
methods of training retardates with which to bring 'the 
retardate to his maximal level of behavioural development." 
(2E. cit., p.258) 
Staats does not describe how this last aim may be achieved 
other than the general suggestion that it could be by extending this 
present approach. 
Discussion 
Staats stuQy shows that good results can be obtained with 
mildly and severely subnormal children in the teaching of reading 
discriminations of a complex nature and it s, ggest s the value of his 
machine and reinforcement system in creating and maintaining the attention 
to the task in hand in these children. On the other hand, it is Klrth-
While to remember that each child was given close individual attention 
by an experimenter as well as experience with the machine and it could 
well be argued that good results could be obtained without the machine 
if children could be given individual teachers. This however is a 
debateable point - at least the machine and the theoretical orientation 
give the teacher a systematic approach to the child's behaviour and its 
maintenance and change. 
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It is difficult to gain much precise information from 
Staats' work about the wider use of such a machine with S.S.N. children. 
What he has demonstrated is the feasib~lity of the medium as a teaching 
s,ystem, although this may depend on the close attention of individual 
experimente~(teachers) for each child. Like Bijou's work, the methodology 
. 
is stressed in Staats' study and given an important role. We shall see 
the same in Sidman and Stoddard's work. All these workers are sugge st ing 
the value 01~. an empirical approach to the education of the subnormal, 
for which operant procedures are especially valuable. They say less about 
what can be taught by such procedures, and less still about how they may:;, 
be generally applied in the wider education of the subnormal. 
(4) Morgan's applications of a matching to sample teaching machine in 
and E.S.N~ school. 
Morgan (1911) is the headmaster of a residential E.S.N. 
school in the north of England. On taking up the post he was struck by 
the environmental impoverishment of his children, seeing as a cause or 
correlate of their educational subnormality a failure to pay attention 
to important details of their surroundings. Education for them, as he 
saw it, had to help them notice their surroundings. 
Also, he mw their difficulty in attending to spoken 
language. Thus a child listening to a description of,scene might fail 
to take in the details of the description and might accordingly fail 
to benefit from that chance of noticing details of that aspect of his 
surroundings. 
Morgan's remedy for these joint deficiencies was a teaching 
machine of matching to sample design. Yet even though it employed this 
principle with which we have so far had considerable acquaintance it 
was unlike any of the machines we have discussed, or will discuss at any 
later point. The machine was both designed and constructed by Morgan 
himself. 
The child sitting in front of the machine would see a 
large sample panel approximately 2 feet by 1 :foot in size with three 
smaller lower panels below it. Pictures would-be projected upon this 
screen area by a slide projector mounted some distance behind the panel 
to give the desired size of picture. After the picture had appeared a 
tape recorder would begin a description of the picture (for example 
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"On the picture you can see Mrs. Smith sitting behind the table 
with Mr. Smith standing beside the sink. Joe is playing with his 
sister under the table. Where is Joe's sister playing?"). The 
child then would have the opportunity of selecting one of the response 
panels in answer to the question. These would each contain an answer 
in some suitable form fbr the present abilities of the child (for 
example they might be written) ore of which would be the correct one. 
If the child picked the correct one he would be rewarded by a Smartie 
which appeared in a transparent tube, at present unobtainable to him. 
If he were incorrect no Smartie would be given and some appropriate 
. 
alternative contingency would occur - for example an alternative track 
of the tape recorder might repeat or explain the problem to the child. 
If a child were incorrect, however, all Smarties then gained by the child 
would be irretrievably lost into the maw of the machine. Morgan (1970) 
reported that this was an extremely effective deterrent - he could 
not get €yen one child to choose incorrectly to demonstrate this. 
By this procedure Morgan appears to be making children 
pay attention to spoken description; the programme itself is so 
arranged that discriminations of various kinds are taught to the 
child. In addition, the discrianations are related to appropriate 
linguistic mediators - a valuable educational exercise. 
Two other features of Morgan's work deserve mention. One 
is the fact that he promotes communication between different members of 
his teaching staff so that lessons on the teaching machine and other 
lessons, for example, visits outside the school are tied in with ':each 
other. The other is that he has made a wide range of programmes for 
the machine so that it is used at many points in the school curriculum. 
Both these are important because they reflect the fact that Morgan 
is aiming his machine at the everyday classroom teaching of the children 
in his school; unlike the previous investigators we have discussed. 
This is Morgan's prime aim for a teaching machine, not just in the 
long term, but in the short term. 
Discussion 
Morgan reflects, in the use of his matching to sample machine, 
a different emphasis to previous investigators. He has ·,not tried to 
argue great claims for his machine or to explain the minutiae of his 
work with it. He is mainly concerned that the machine works in a school 
setting and that he can maximize its usefulness to the children. 
Particular differences between his machine and others we have described 
are in the extensive use of a verbal commentary, a larger response panel 
area, relatively infrequent changes of slide, and a reinforcement system 
involving an apparently powerful aversive consequence for incorrect 
responses. We have no data on which to judge the efficacy of the system 
and to compare it with the previous machines we have discussed, but it 
is possible that Morgan's use of these factors makes his system a 
considerable improvement on those so far discussed. Morgan did not 
like the Touch TUtor - for he apparently designed this system after 
seeing the. Touch Tutor and disliking it. 
·Before leaving this account of work with E.S.N. children 
it should be noted that at least one other headmaster of such a school 
has been active in promoting the use of programmed insttuction. This 
is Marshall who published (1969) an account of his ten years of work 
with simple multiple-choice machines in the teaching of reading. 
Marshall's work shows, as has M~rgarls, the feasibility of incorporating 
teaching machines into the classroom routine of such.children, and points 
to the necessity of a wide selection of teaching material for use with 
the machines. 
It has been necessary to mention Morgan's work for it 
provides an upward extension of work with matching to sample machines 
into their use w.ith the more mildly subnormal. However, it may not 
necessarily be the cs.se that machines used with such pupils can be 
immediately used with the more severely subnormal so that care must 
be taken in the application of such studies to the problems of such 
children. 
(5) The work of Sidman and Stoddard 
Sidman and Stoddard (1966, 1961) conducted studies in the 
use of a teaching machine with young no~mal and S.S.N. children, 
following a similar pattern of stuqy to that of previous workers such 
as Hively and Bijou. A principal difference between their studies and 
previous ones, however, was in their use of a machine which did not 
employ the principle of matching to sample, but that of 'oddity' responding. 
Their work is, ho~er, ~evant to our present discussion and is there-
fore included. 
The iniial problem Sidman and Stoddard set themselves was 
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deliberately 'simple'. B,y using the methodology of operant conditioning 
and programmed instruction they wanted to ask severely retarded non-
verbal children if they could distinguish a circle from an ellipse. 
The development of a method to achieve this was similar 
to that of Bijou. A machine for the presentation of stimuli and the 
reinforcement and recording of the children's responses was designed, 
a teaching programme made andtried with several groups of children. 
On the basis of the results of each group of children the programme 
was modified with a view to preventing the children from making errors. 
Fading was used as the main principle of programme design, with the 
aim of leading the child smoothly from what he knew at present to what 
it was intended for him to know by the end of the teaching session. 
Their teaching machine, shown in Figure 3.1, consisted 
of a matrix of nine plastic response panels. A slide projector behind 
them displayed the stimulus material on them. A correct response to 
the panels led to the sounding of door chimes, followed by the delivery 
of a Smartie or some kind of similar reward. Incorrect responses 
caused the pictures to stay on the screen until a correct response had 
been made, when the=machine showed the previous slide. 
The progression of a child through the teaching procedure 
can be represented as a series of aims. The child was first taught to 
retrieve a Smartie from the dispenser tray when the dispenser uperatedj 
next to learn that pressing the panel which was illuminated led to a 
Smartie. When the child was systematically pressing that panel which 
was lighted and none of the darkened panels on the machine the programme 
of teaching slides was begun. 
A schematic illustration of different steps in the first 
part of the programme is given, in Figure 3.2. At 'A' the child was 
s,ystematically pressing 'light + circle' and not 'dark' (such words 
representing the intended discrimi~ive cues) At 'B' and 'e' the 
'light' cue is being progressively removed (~'faded out") until at 
'D' the child is responding on the basis of 'circle vs. no circle', and 
the third aim is achieved. 
The second part of the teaching programme followed an 
identical pattern, gradually fading in the ellipse form until, by 
the end of the sequence, the child was discriminating circle.£rom ellipse. 
-St -
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figure 3 . 2 
Spaced steps in the 'background fading' section of Sidman 
and Stoddard ' s circle-ellipse discrimination programme (1966) . 
The brightness of the background illumination of the nine 
response panels increases gradually so that , from responding 
on the basis of two relevant cues (form + brightness) at the 
beginning of the programme the child is responding on the 
basis of only one (form) at the end of the programme . 
continued/ 
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Figure 3 . 2 (continued) . 
Spaced steps in the ' ellipse fading ' section of the programme . 
The brightness cue is progressively reduced in salience by the 
fading- in of the ellipses so that the child ends by discriminating 
the circle from the ellipses. 
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In the final version of this teaching programme there were only 
18 slides in this sequence; this was tested with 30 children of whom 
few details were given apart from that 9 were younger than three 
years of age. Only one child failed to learn the discrimination out 
of this group consisting, apparently, predominantly of normal children. 
The various versions which preceded this final one (six in all) were 
tested on groups of retarded and young normal children, but few details 
of the overall composition of the groups are given. 
Sidman and Stoddard were pleased with the results of these 
initial studies. They had succeeded in satisfying themselves that their 
use of operant conditioning and programmed instruction techniques was 
serviceable for use with nonverbal children. 
Their next interest was to develop the principle of non-
verbal communication by these means in order to achieve a more precise 
insight into children's sensory capacities, an insight they thought 
difficult to achieve in nonverbal children by conventional methods of 
assessment. Before describing this it will be valuable to offer the 
words of the authors themselves as a conclusion to the first stage of 
their work. This quote will have the dual purpose of giving the reader 
an insight into the authors' convincing and optimistic style ~s well 
as informing him more fully of the aims of their research. The 
quotation is lengthy but important. 
"We have shown that the program is an effective device 
for nonverbal communication. Without any other form of 
instructions we have communicated to our children that 
they are to choose circles~and reject ellipses. The 
program can accomplish this task of communication in 
5 minutes or less, with normal children as young as 2 to 
3 years of age and with older retarded children. It does 
not matter that some of our children could talk or that 
some of them already knew the difference between circles 
and ellipses. Our ultimate interest is in preverbal or other-
wise nonverbal children, with whom some other means of 
communication must be found if we are going to be able to 
evaluate their behavioural potential fairly. Because 
most of our standard.intelligence tests, even the so-
called 'nonverbal' tests, depend heavily on verbal 
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instructions, most children who cannot talk earn a low 
I.Q. We often doom these children to an institutionalized 
or otherwise impoverished existence simply because they do 
not speak our language. 
The Philosophy behind our persistent efforts to 
develop the circle - ellipse program can no longer be 
regarded as an academic issue. It is a set of methods 
that work. We have found empirically that in order to 
teach effectively we must first prepare ourselves to learn 
from our children. Their errors --are a lesson to us. They 
make mistakes because or teaching is inadequate. The proof 
was the progressive elimination of errors as we revised our 
teading program. With successive revisions the children made 
fewer and fewer errors, and more of them reached the point 
to which we were trying to get them. 
Are these statements too sweeping? After all, we 
have only taught our children to tell circles from ellipses, 
a performance which will hardly play an important part in 
their lives. We certainly do not propose our program as a 
substitute for I.Q. tests. We believe, however, that the 
methodology is general. It can be applied to areas of 
much more immediate consequence to the children. We shall 
expand on this notion below. 
Meanwhile, let us return to the problem we originally 
set ourselves. Teaching the children to discriminate circles 
from ellipses was only a preparation for a more precise 
evaluation of their visual perception. The sensory 
evaluation of children who cannot or do not talk is a 
vexing practical problem to neurologists as well as to 
teachers who want to know whether a child is capable of 
learning some of the things he is ordinarily expected to 
learn. 
The circle-ellipse serves as a substitute for 
verbal instructions. It is our w~ of telling nonverbal 
children what to look for •••• When they completed our 
program, the children were attending to the relevant 
stimulus dimensions just as well as children for whom 
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verbal instructions are appropriate. We are now 
rea~ to determine how fine a discrimination they can 
make." (1966, pp.186-187). 
Sidman and Stoddard go on to describe work with a 
programme of slides in which the ellipses progressively grew similar 
to the circle •. By this means they were able to locate a difference 
threshold for the children who went through this second sequence of slides. 
As a child made an error, the previous slide would again be presented and 
the child would have an opportunity to try again. If he did not progress 
then beyond this point they assumed he was not able to discriminate the 
circule from the ellipse. 
Doubtful about the effects of the programme step-size 
in this sequence they added a number of intermediate steps between the 
main steps of the program. Children thus worked through a much more 
finely graded sequence of discrimination tests. Sidman land Stoddard 
had been concerned that in the former series they had not been teaching 
the child to make as fine a discrimination as he was able and they note: 
"The changes were made in the threshold series ••• 
produced results that strongly support the necessity 
for careful programming even in a testing procedure. 
After we made these changes our whole set of age norms 
for the circle ellipse threshold had to be revised 
upwards." (,2E' ill.. ,p. 195) 
They see this is an important finding. 'Don't test, 
teach' they had said earlier in the paper (p.158) and here they were 
demonstrating the effect of neglecting the maxim: 
"the neglect has undoubtedly been responsible for 
the under evaluation of many children's sensory 
capacities as well as the abandonment of many children 
on the grounds that they could not be evaluated at all." 
(,2E.cit., p.195) 
Clearly, they see the procedure as offering considerable 
educational hope for the subnormal and brain-damaged child. Their 
concluding remarks to this general account of their work ring brightly 
with optimism: 
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"We have described the development of a nonverbal 
technique for teaching children to discriminate circles 
from ellipses, and a combined teaching and testing 
procedure, still nonverbal, for determining the quantitative 
limits of their ability to distinguish these forms. It is 
now possible for us to secure information about visual 
function in children who are otherwise unreachable. While 
our methods have been applied only to a single aspect of 
visual perception, there is no reason why they could not 
be extended also to visual functions such as acuity, 
brightness thresholds, flicker fusion etc. The techniques 
are potentially valuable not only for testing sensory 
capacities, but for teaching the children skills that 
are more, relevant to their everyday necesities. It should 
be possible to use letters, numbers, words, colors, sounds, 
etc., and thereby lay the foundation for programming 
more advanced materials ••• " (.2l2..ill., p.197) 
This description portr~s the main philosophy and contents 
of Sidman and Stoddard's work, as reported in their first paper in 1966. 
That general account contains considerable details of their research, 
and yet lacks much information about the use of the procedures with 
severely subnormal children. More precise knowledge of this can be 
gained from their technical report in 1967 which tests the efficacy 
of the circle-ellipse fading program in establishing the discrimination 
in a group of institutionalized subnormal children. Let us now turn 
to this. 
19 retarded boys, whose Binet I.Q.'s or Vineland Social 
Quotients ranged from 18 - 39 were divided into two matched groups 
of subjects on the basis of staff member rankings, C.A.'s and I~Q. or 
S.Q. scores. Sidman and Stoddard's description of them was: 
"The six most advanced children could understand 
simple instructions, and three of them could use 
poorly articulated speech to make their simple needs 
known. Most of the children rarely, if ever, spoke, 
and gave little indication that they understood spoken 
language." (1967, p.4) 
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One group - the 'Program' Group were given the circle-
ellipse fading programme of 17 slides, with the usual introductory 
instructions. The other group - the 'Test' group - were given a 
succession of slides which required them to make the same discriminations 
as the 'Program' group, but without the help of the progressive teaching 
programme. They were introduced to the procedure with the same instructions 
as the 'Program' group. 
The results implied that the fading procedure was a more 
effective teaching method than was the procedure of merely supplying 
differential reinforcement for correct responses. Of 10 children in 
the 'Program' group 7 learned the discrimination, making from 1 to 25 
errors in the process. In the 'Test' group, the results are slightly 
more complex. One child passed a first test of 10 slides (requiring 
the circle-ellipse discrimination with no prior fading programme) 
making 18 errors: 6, excluding him, passed a similar test of the form-
no-form discrimination (7 slides) subsequently and two failed. Those 
who passed made 0,4,4,8,13 and 47 errors. Three of them then passed 
a second~ministration of the circle-ellipse test making 35, 35 and 58 
errors. Subsequently, one child passed the ellipse-fading programme 
achieving the final discrimination in 43 errors and one child passed 
through the background-fading programme when this was given him, 
achieving the form - no-form discrimination in 6 errors but failing the 
circle-ellipse discrimination. In all of the 'Test' group, therefore, 
5 passed the circle-ellipse discrimination making from 78 to 252 errors. 
These results can be interpreted either as meaning that the 
'Program' group recieved clearer instructions by the fading procedure 
as to what was required of them, or that it taught them to make a . 
discrimination of which they might otherwise have been incapable of 
making. The former interpretation is consistent with the aims of the 
authors and is probably the more likely interpretation. 
Before we leave the work of Sidman and Stoddard, it is 
essential to mention the appearance of what the authors call 'error 
patterns'. Earlier, they had noted, when running children through 
the circle-ellipse difference threshold experiment that "the, positive 
and negative keys were actually becoming less discriminable as the child 
progressed, and the series was designed so that the child would eventually 
reach an ellipse he could no longer distinguish from the circle. When ~ 
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the child reached this point he found that his former criterion 
for choice no longer worked., It no longer sufficed to look for the 
circle or for whatever aspect of the forms he had been observing. All 
the stimuli had become 'circles'. Reasonably enough, he had changed 
his criterion. Two substitute criteria that we could easily see in the 
children'S data were (a) to select the key which had been correct on the 
previous trial, and (b) to develop a fixed pattern of moving around 
•• 
the keys until the correct one. (1966, p.192). 
The result of this was that errors seemed to create more 
err6re- errors would frequently occur on slides to which the child had 
previously responded correctly, after an error caused the machine to 
present previous slides. 
In the later series of stUdies errors again occurred and 
error patterns were again noticeable. This time Sidman and Stoddard 
adopted a similar attitude to their appearance, but emphasised here the 
importance of inadequate reinforcement contingencies in their causation, 
as much as the difficulty of the stimu~ material. We shall go into 
this in detail later in this thesis, noting only for now Sidman and 
Stoddard's similar view to the early one of Hively - that response 
patterns are caused by inadequate reinforcement contingencies. 
Discussion 
One of the most interesting features of Sidman and Stoddard's 
work is the apparent ease wit~h~R~ldren were trained in the use of the 
machine. We can attribute this, as the need for revisions in the first 
stuqy, and the experimental testing of the second stuqy, show to the 
carefully designed teaching programme. We might expect that if the same 
time were devoted to the design of the teaching of matching to sample, 
this skill might be taught more easily than has so far been the case. 
On the other hand, there is some evidence that the task which Sidman 
and Stoddard are re~~iring of their subjects is cognitively easier than 
matching to sample. Sidman and Stoddard's task is in fact requiring the 
child merely to look for the 'odd one out' of an array of 8 stimuli -
an 'oddity responding' task, not to look first for the 'sample', then to 
search remaining stimuli, and to find the one which resembles it. 
Wodinsky and Bitterman (1953) and Ginsb'lJrg (1957)' have shc,wn that an 
'oddity' task is slightly easier, at least for rats, than a matching to 
sample task. What is perhaps the case, therefore, is that this machine 
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is requiring the subject to perform a simpler task than would a 
matching to sample machine and that this fact should be borne in 
mind when considering the implications of these studies for the use 
of a machine employing this principle. 
The eYperimental manipulations of the second (1967) study 
show that S.S.N. children benefit from the carefully planned sequencing 
of programme materials of the kind used, and the study in general suggests 
that they find the machine and reinforcement system attractive. It is 
interesting that the S.S.N. children, however, did not all respond well 
to the programme, for some of them developed incorrect response habits 
and failed to learn the discrimination. In contrast, the normal children, 
who were apparently of similar mental age to the S.S.N. children, nearly 
all learned the discrimination. It is difficult to make precise compar-
isons between these two groups of children, owing to the lack of detail 
given about them, but these results do again suggest the dangers of 
making too many inferences about the responses of S.S.N. children on 
the basis of those of normal children to teaching machineS .• 
These studies show a departure from those we have so far 
discussed not only in the use of a different kind of machine but also 
in the different kind of emphasis placed on the nature of programme 
material for the machine. Sidman and Stoddard's aims were largely to 
develop a means of testing the abilities of nonverbal subjects, rather 
than to demonstrate kinds of teaching materials. Accordingly, they were 
not satisfied merely with having taught a discrimination, but wished to 
teach it more efficiently, as in the initial stages of the study, and 
to teach the finest discrimination they could, as in the subsequent 
developments of the initial study. 
Even so, they make some reference to the use of their 
methods in teaching, suggesting the possible extension of their circle -
ellipse programme into the teaching of letter- and number - discriminations. 
Unfortunately, like other workers they do not consider detailed problems 
such an application might pose, leaving only the 'promise' of their 
work: 
"The success, with retarded children, of a teaching 
method that reduced errors ••• should not be interpreted 
as meaning that retarded children are simply the products 
of inadequte instruction. A more valid inference is that 
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their capabilities have been underestimated. More 
effective instructional procedures than those in general 
use are available to estimate the behavioral potential in 
children limited to developmental or acquired abnormalities." 
(1961, pp.14-15). 
(6) Studies using 'free-operant' techniques with the S.S.N. 
It is doubtful whether the psychologist or teacher who 
saw himself as interested in the role of teaching machines in education 
and who thought about the methodology of the doctrine of 'programmed 
instruction' would feel himself to be on completely sure and familiar 
ground in the preceding discussions we have had of teaching machines 
relevant, potentially, to the needs of the S.S.N. These matching to 
sample machines do conform generally to the principles Skinner set out 
for the teaching machine but the studies which have used them have 
smacked of an adherence to the methodology of 'operant conditioning' 
which is unfamiliar win the 'teaching machine' literature. Bijou 
tal~s of 'baselines', Staats of 'schedules of reinforcement', and so on. 
The main reason ~or this apparent difference between the 
previous workers with 'teaching machines' and most of the others lies 
mainly in the abilities of their subjects. It happens the methods and 
machines which are suitable for the largely non-reading S.S.N. child 
(or young normal child) relate more closely in methodology, if not in 
basic principles,to the 'operant conditioning' rather than to the 
'programmed instruction' work. This is made even more pronounced as we 
begin to consider S.S.N. children who are increasingly cognitively 
immature. For some S.S.N. children it is likely that they do not possess 
even the skills required to operate the machines so far described. For 
these children, simpler machines operating on similar principles may 
be justified. So it is that a discussion of tasks involving the 
manipulation of levers for rewards is legitimate in this survey of 
t6£hing machines for the S.S.N. It will be valuable here, then, to 
describe briefly some operant studies with the S.S.N., concluding with 
the study of Friedlander ~~. (1967) who describe operant apparatus which 
more nearly reminds us o~ a 'teaching machine'. 
There are a number of studies which ~escribe the use of 
lever-pulling or lever-pressing tasks with S.S.N. children and adults 
in American subnormality hospitals. T,ypically, subjects are required to 
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operate the lever-manipulandum (or there may be more than one) in order 
to gain some kind of reward such as a sweet. Once the subject consistently 
operates the lever to gain the reinforcement the task is complicated -
most commonly by either administering reinforcements infrequently on some 
schedule of reinforcement, or by administering reinforcements only for 
responses associated with the presence of some stimulus. For example, 
House et ale (1957); Ellis et ale (1960); Orlando and Bijou (1960); 
-- --
Bijou and Orlando (1961); and Headrick (1963b); studied the sensitivity 
of subjects to changes in reinforcement schedules; Orlando (1961), 
Barrett and Lindsley (1962), and Orlando and Bijou (£E.. ill·) examined the 
development of stimulus control in tasks where reinforcement could be 
obtained when, for example, a light of a certain colour was shining. 
The general conclusions of these studies are, as has been 
noted in Chapter 1 of this volume, that S.S.N. subjects can work well 
in such settings with Smarties or exchangeable tokens as reinforcement, 
"-
and are generally sensitive to the effects of different reinforcement 
schedules. So far, it has been difficult to show obvious uniformity 
between the various subjects studied in terms of response rates, pauses 
and soon, but some similarity between the results of studies with rats 
and those of these studies with subnormal patients has been found (for 
example, post-reinforcement rest - pauses giving rise to 'scallops' in 
the cumulative record have been obtained in the records of some subjects, 
though not in all). Subjects have also learned to respond only in the 
presence of a certain stimulus, or only to a certain manipulandum, showing 
discriminative ability in this kind of setting. 
One general fault of these stUdies is the unsystematic 
sampling of the subjects, the comparatively short term nature of most of 
the studies, and a willingness to suggest the great potential value of 
such an approach without any discussion of the problems of gaining such 
value - but then these are faults of all the studies mentioned in this 
Chapter. The value of these operant studies would seem to be the fact 
that they employ procedures which encourage the formation of skills which 
are fundamental to the operation of the more traditional kinds of teaching 
machine so far discussed, as well as the general value that they offer 
the Eossibility of a simpler kind of teaching machine which may be 
suitable for more children than these machines. 
We shall now turn to a discussion of a study by Friedlander 
et ale (1967) which describes the use of a piece of apparatus very similar 
--
to those used in the above studies, but which the authors clearly see 
as in the realm of 'programmed instruction'. 
The work of Friedlander ~~. is in many ways an improv~ 
ment upon these operant studies. Although they use the typical arrange-
ment of levers and control apparatus, the particular way in which they 
use them and the rationale they provide for their use make the stu~ of 
immediate value for the educator, unlike the studies of the earlier 
workers. Probably the reason is that Friedlander ~ ~. have been more 
closely concerned with the problems of devising educational methods for 
the ins~itutionalized subnormal (see McCarthy ~ al. 1969). 
Friedlander tackles what is undoubtedly a difficult problem 
in the education of the severely subnormal - that of measuring the 
cognitive functioning of the young S.S.N. child. There appears to be 
very little discussion in the psychological literature of how this might 
be done (c/f Mittler, 1970); one way is to provide a descriptive account 
of the child's progress along the 'norms of development' according to 
one of the many scales developed with normal children. One other way 
is to use the more ~amic method of relating the child's abilities to 
Piaget's analysis of the growth of cognitive development in the child. 
It is argued that the former method gives a sparse description of the 
child's functioning in comparison to the latter, but offsetting this 
is the comparative difficulty of assessing the child in Piagetian terms 
to that of using a child development schedule. Friedlander's approach 
here is to use operant conditioning to evaluate two young S.S.N. children, 
in terms of their functioning in different areas suggested by Piaget's 
analyses of early intellectual development. QQoting from Friedlander's 
paper, the rationale for this approach is clear-cut: 
"According to Piaget ••••• the foundation of all 
intellectual development is laid in the sensorimotor 
period of the normal child's first two years of life. 
It is held that in this period the infant passes through 
a succession of stages during which he acquires the capacity 
f~r sustain/ed, intentional, purposive, selective, and 
adaptive behavior. A principal mechanism by which these 
capabilities are acquired is said to be the infant's 
pursuit of 'interesting' sights and sounds that he causes 
to occur by means of his own activity. In the course of 
what appears to be random and repetitive play, he observes 
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rhe conseqences of his own actions. He makes things 
happen by his own effort, and becomes progressively 
more aware of cause-effect relationships that he controls 
himself, or that are the result s of external event s. tI 
(Friedlander ~ ~., 1967, pp.909-910~ 
As a result the baby comes to gain increasing control over 
the events happening around him. Friedlander ~ ~~ go on to point out 
that the observation has been made that many retarded children fail to 
advance beyond the sensorimotor stage of development, but it is not 
clear why this should be so. It seemed to these workers that such under-
standing could perhaps be gained by a closer examination of the nature 
of the psychological processes that occurred during the sensorimotor 
period. Friedlander ~~. general interpretation of the nature of 
the processes during this period suggested that operant techniques might 
be particularly suitable for studying them. 
The operant apparatus used in the study consisted 
essentially of two transparent plastic knobs, in each of which a small 
red light blinked continuously to attract the child's attention to them, 
which were connected to control apparatus which presented auditory 
feedback to the child depending upon which knob had be~n pressed. 
Pressure upon one knob resulted in a single stroke of a chime, pressure 
upon the other in an ascending scale of organ notes which lasted for as 
long as the knob was depressed. Every three minutes the function of 
each knob was automatically changed to that of the other. 
Four infants were tested. One could not be induced to 
make voluntary successive responses, in another no pattern could be 
seen in his results. The other two made 'appropriate' responses and 
were therefore considered in this paper. Other children tested sub-
sequently were said to have made similar performances to the children 
described here. The spontaneous play of the two children was apparently 
non-existent, their general 'behavior repertoire' sparse. Administration 
of the Cattell Infant Intelligence Scale yielded an M.A. of 0-10 months 
for one child ('J~P.'), and the lGesellDevelopmental Schedule 24-40 
weeks for the second child(,M~W.'). 
At the beginning of the test sessions the children were 
placed (J~P. sitting and M.W. lying supine, head towards the knobs) 
between the manipulanda and left alone. Each then showed interest in the 
knobs, manipulating them for a short period of time. After a pause in 
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responding they resumed play with them - play which, according to the 
'ward attendants' was more attentive and involved than was characteristic 
of either child when offerted a new toy. M.W. appeared during the 36 
minutes of the study to prefer the sustained feedback, making three times 
the length of responses 10 the organ notes than to the chime. During the 
experimental period he actively played with the knobs for just over half 
the time, making 749 separate responses. 
J.P. played for about one third of the fifteen minutes he 
remained in the experiment, again showing three times the length of 
response to the organ than to the chime. The ward attendants reported 
that they had never before seen the child so active. 
Discussion 
The value of the study of Friedlander ~ &. has been in 
its illustration of the feasibility of thinking of operant apparatus 
as a teaching machine suitable for the more severely retarded. While 
only two children have been mentioned as responding to the apparatus in 
this study, it would appear that the machine is capable of being more 
widely used to judge from the comments of the authors that other children 
have worked upon the machine. Similar problems do, of course, arise in 
determining how widely the machine m~ be applicable to, for example, 
the running of a hospital ward but it would seem that such a machine 
could be fitted into a wider educational programme. A study of the 
development of an educational programme on a ward in an American sub-
normality hospital (McCarthy et.al., 2£.cit.) included the 'PIAYTEST' 
apparatus in the battery of educational procedures, for example. It 
should be noted, however, that the apparatus was used flexibly in this 
study. An assistant was made responsible for studying the day-to-day 
responses of children to the device and re-programming it accordingly. 
Thus, the apparatus was used not as a single teaching machine but as 
a collection of units for presenting stimuli and reinforcement, the 
operation of which could be change"d according to the needs of the children. 
It was probably this feature of 'PLAYTEST' which permitted McCarthy 
et ale to comment: 
--
"No lower limit in chronological or developmental 
age for the operation of these devices was suggested 
by our data." (2£. ill., p. 116) 
(7) The use of teaching machines with adult, 'asphasic' patients 
A considerable body of research has come from stUdies with 
adult, brain-damaged ('aphaSiC') patients conducted at the Veterans' 
-64-
Administration Centre in Los Angeles since 1963. Inspired by 
Skinner's writings on the use of teaching machines, they set them-
selves the task of seeing whether these principles had anything to 
offer in the assessment and training of these patients. After some 
initial studies with a machine requiring subjects to press buttons 
according to whether stimuli displayed were 'the same' or 'different', 
they began using a matching to sample machine of their own design. 
The rationale behind using teaching machines with aphasic 
patients was a two-fold one~' Firstly, they suggested a suitable means 
of communicating with patients for whom the presenting symptom was largely 
one of a difficulty in communication: 
"A major characteristic of aphasia, in fact, one which 
. defines the condition of aphasia, is the breakdown in 
tl1ecommunication process - i.e., speech and comprehension 
- one of the aphasic patient. Because of this communication 
barrier, it is often difficult, if not impossible, to 
assess accurately the residual capabilities in the aphasic 
by standard test devices. For example, the inability of 
an aphasic to point to a spoon presented to him with a variety 
of other simple objects may be due to his inability to 
comprehend the tester's verbal instructions, or due to an 
inability to associate the sound 'spoon' with the visual 
object 'spoon', or due to an inability to discriminate 
visually the spoon from other objects. Therefore, the 
first step in the present project involved establishing 
a reliable means of communication with the aphasic patient 
which obviated verbal instructions. This involved a 
pretraining stage to shape the desired behavior - in the 
present case, a left or right button press, depending on 
the position of the 'matching' stimulus in a 'matching-
to-sample' task. Once the button-pressing response was 
within the S.'s repertare, the next stage was to use this 
simple response to examine accurately and objectively the 
form discrimination learning of aphasics." (Filby and 
Edwards, 1963; p.26). 
The second reason for using machines with such patients 
related to the general advantages of using machines with stUdents of 
any kind, which Skinner outlined in 1954. But, for clinical populations, 
these advantages could be especially important. Filby and Edwards provide 
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a good explanation: 
" ••••• a teaching machine has infinite patience; 
it goes as slowly as the student desires; it is as 
repetitive as necessary, and it can provide the precise 
contingencies of reinforcement emphasized by Skinner 
(1954) - i.e. frequent positive reinforcement, with 
minimum delay, of a response. Where extensive repetition 
is required for learning a given skill, such as arithmetic 
o~ speech, or even where simple visual or auditory discrim-
ination are involved, the assignment of a human instructor 
to this routine repetitive drill function is a considerable 
waste of time and expense, especially where it is possible 
for some mechanical device to carryon these functions. 
The teaching machine could, thus, be an ideal tutor for 
slow learners and clinical populations such as aphasics." 
(£E. cit. pp.25-26). 
The procedure of the experiment, in line with this rationale" 
was firstly to establish the matching response in twelve experimental 
subjects on the teaching machine (a device basically similar to those 
alrady described in this and in the preceding chapter; correct button-
pressing responses to the stimuli displayed by slide projects on the 
machine's display panels led to the illumination of coloured lights. 
Incorrect responses led to a ten-second Time-Out period, during which the 
screen was blacked out and the machine was inoperative) and to then 
investigate the extent to which matching br responding broke down in the 
face of different teaching materials. 
The machine training phase, during which the matching 
response was gradually shaped, seems to have been effective. Two subjects 
failed to reach the matching criterion and were discarded. No data is 
given concerning the time needed to teach matching to the other subjects. 
The form discrimination programme consisted of 118 items 
or slides. Each slide contained random forms, ranging from three-sided 
figures to thirteen-sided figures, constructed according to Attneave's 
(1957) method. The items of the programme made from these 'nonsense 
shapes' (Figure 3.3) were ordered in ascending difficulty of discriminability 
by an ~ priori method developed by Attneave(1). 
(1) the method, and full equation is given, not here, but in Edwards 
(1965) 
-Number of Sides 
3 4 5 6 7 8 9 10 11 12 13 
~ .It.t.D .... (t 1). 
atud1.. 1I'&t..... (. ). 
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Results showed a low error-rate throughout the programme 
for both aphasic patients and a group of non-brain-damaged control patients, 
and a gradual increase in errors as the programme continued. There was 
no significant difference in error rate between the experimental and 
control groups of subjects. 
These results suggested to the authors that errors were 
minimized by the gradual progression in the difficulty of items throughout 
the programme, and that there was, in fact, an increase in difficulty of 
discriminat ion. The lack of difference in error-rate between the two 
groups of subjects was attributed to the effectiveness of the method as 
a communication and teaching medium: 
" ••• the finding that aphasics did not differ significantly 
from control subjects in form discrimination learning is 
encouraging. This may indicate that under the optimal 
learning conditions provided by the automated-teaching 
situation, even severely damaged patients are able to 
perform fairly well on a task which has been shown to be 
difficult for brain damaged patients." (Filby and Edwards~ 
2£. cit., p.32) 
This basic methodology having been established other 
studies applied it, firstly, to problems in the non-verbal assessment of 
the capabilities of such patients and, secondly, to the remediation of 
these problems. 
For ,example, Filby ~ ale (1963) investigated the abiltties 
of ten aphasic patients to discriminate between words when three word 
parameters were systematically varied, these three parameters being 
word-length, word-frequency, and word-similarity. The'se variables had, 
according to these writers, been shown in previous research to be relevant 
to the language of aphasic patients but in this research their rapective 
roles had been confounded. This study hoped to yield a more definite 
picture of these roles. 
Results showed that ver,y few errors in discrimination 
between words were made either by the aphasic patients or by non-brain 
damaged control patients and that no differences in number of errors 
made by these groups occurred with respect to the different word types. 
In terms of reaction time to the stimulus arr~, however, it was found 
that aphasics showed longer reaction time to stimuli involving increased 
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word length, whereas that of the two normal control subjects remained 
stable. No selective impairment of the aphasic patients occurred with 
respect to the other two word variables. This, therefore, indicated more 
clearly, apparently, than had previous research the roles of these three 
variables in the discrimination of words by ihese aphasic patients. 
Rosenberg and Edwards (1964) made a similar use of the 
automated procedure for assessment but extended its use into the sphere 
of training. 
Five aphasic and five control patients were compared in 
their response to three perceptual discrimination programmes presented on 
the apparatus. The programmes,composed of shapes based upon those 
necessary to form English capital letters, were concerned with the variables 
of shape discrimination, orientation of form, and the transition of 
discrimination in terms of solid shape to discrimination in terms of 
outline figure. 
The results indicated that aphasic and control patients 
differed significantly in response latencies and error rates to sets of 
pre-test 'items selected from each programme. 
The aphasics were then given training with the machine 
with those programmes on whose pre-test they had had an error rate greater 
than 10%. On follow-up testing one week after training, response latency 
decreased and differed significantly from pre-test latency, and the error 
rate became comparable with the normal control patients. 
Thus, in this stuqy, the machine and programme apparatus 
were successfully used to assess an area of difficulty in the functioning 
of these aphasic patients and then to go some way to reme~ing it. It 
is interesting that this stu~ (which was later extended by Rosenberg 
(1965) ) is achieving a form of assessment in an everyday setting which 
has been remarked upon as a worthwhile pEsibility for other handicapped 
patients in the work of many of those mentioned in this and in the 
preceding chapter. What is particularly valuable about these studies 
with aphasic patients is the way in which areas of difficulty of relevance 
to the stu~ of aphasia are being examined, not just the practicability 
of an automated device. 
Subsequent papers described increases in the technical 
sophistication of the apparatus. Edwards (1965) reports the introduction 
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of a variety of reinforcing events, given according to the preferences 
of the subject, and the use of a buzzer by the Experimenter to interrupt 
incipient error patterns. The sequencing of the programmed material, 
while basically progressive, involved revision items, and a 'branching 
facility', which enable subjects to jump ahead or fall back in the 
programme according to their performance on intermittent 'test slides' app-
earing at intervals in the programme. Rosenberg and Edwards (1965) note the 
tendency for subjects to touch the pictures displayed on the screen of the 
machine before responding to the buttons; adapting the machine so that it 
could be operated by touching just the picture on the panel seemed to be 
appropriate, and was incorporated. In addition, the use of a branching 
programme (technically, it would probably be known as a 'skip-branching' 
programme), mentioned in relation to their earlier method, was automated. 
Basically, this machine consisted of 'programme phase units' each 
consisting of 24 programme frames. These phase units were circular 
pieces of plastic with the 24 frames mounted in them, stored in (of all 
things!) a juke box. If the programme called for Phase 1 to be presented 
to the subject, the juke box would retrieve this (as it would normally 
have retrieved a record) and would mount it in the projector. The record 
playing table of the juke box would move this according to commands from 
a paper tape reader until slide 1 was presented. If the subject responded, 
the machine would deliver the appropriate reinforcement to him (predetermined 
by E). The machine would record the subjects' performance noting, in 
particular, his performance on certain test slides Wich appeared at 
intervals in each programme phase. If he responded correctly on these, 
the machine would move on to a later part of the programme. If the subject 
at arry point performed wrongly on the test slides, however, an appropriate 
remedial sequence would be presented. The apparatus is described in 
detail by Edwards and Rosenberg (1966), the operation of a typical skip 
branching sequence by Edwards (1965) and Rosenberg and Edwards (1965). 
Discussion 
Marry similarities are present in the aims and methods 
of these studies to the ones that have been reported so far. The authors 
have seen particular advantages in the use of a matching to sample machine 
in the assessment.and teaching of subjects and they have developed 
experimentally a method to teach the operation of the machine to the 
subjects before using this procedure as a testing and teaching medium in 
various perceptual skills. In two ways, however, they have made valuable 
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extensions of this general approach. Firstly, they have pushed on 
past the difficult points of initial development of the machinery and 
problems of accustoming pat ient s in it s use, past that of studying some 
aspect of discri~inative performance apparently for its own sake, into 
the stu~ of items of significance for the mental functioning of the 
patients in their charge. Secondly, they seem to have engineered the 
procedure into an everyday treatment situation as opposed to a conventional 
laboratory situation. 
Some specific procedural points of interest. Firstly, 
their eventual adoption of a machine-which required the subject to press 
the panelof the machine in preference to a button indicated that this 
mode of machine operation is somewhat easier than that of button-pressing 
for these subjects. Secondly, it appears that some of these subjects 
experienced difficulty in matching to sample in the initia stages of their 
work with the machine, which was reduced by the use of an appropriately 
designed fading programme. Even so, some of them apparently developed 
incorrect response habits which, it appeared, were best 'treated' by E. 
watching them and pressing a buzzer when they appeared. These points 
both indicate that these subjects were in some ways similar to S.S.N. 
children working on a machine involving matching to sample and suggest 
different ways of aiding children over these difficulties. Finally, the 
use of a complex and comprehensive machine with 'branching' programming 
would seem to be an indication that any simple selection of programme 
material and of the means of presenting it would be inappropriate in 
practice, and that full value of such a programmed approach might come 
only from such comprehensive apparatus. Even so, cost is an important 
factor, as is size; it is interesting that comparatively little has been 
done with the 'Talking TYPewriter' designed by O.K. -Moore (1963, 1966) 
and produced commercially by the Rank Organisation in Britain. This is 
a comprehensive machine conSisting of facilities for presenting auditory 
and visual programme materials and a typewriter key-board for the pupil's 
"answers". The machine has been used in the teaching of reading to 
illiterate adults (Hill, 1969, 1970), to adults from an Adult Training 
Centre (Moseley, 1970W and to a variety of other subjects, including 
immigrant, autistic, and "~slexic" children ( 1) • Some of these children 
Details of case histories of some children who havv used the 'Talking 
T,ypewriter' are presented in a report issued by the British 
manufacturers of the device (Rank - R.E.C. Ltd., 11, Belgrave Road, 
London, S. W.1) entitled: "The Edison Responsive Environment - the 
'Talking Typewriter'''. (Anon.) 
have responded well to the machine but it is doubtful whether it has 
had the value its price (£16,500 in 1970j £9,000 in 1972) would seem 
to warrant. In Britain, at least, it has not had widespread physical 
acceptance; only one machine was, in 1972, in use in Britain (Romizowski, 1972). 
The is probably due in part to its cost, to the fact that it requires semi-
permanent installation, to the fact that no comprehensive library of 
programmes is available for it, and to the reserved conclusions of some 
evaluative studies conducted with it (e.g. Moseley, ££.£iij Bro~,1971). 
(8) Discussion and conclusions of Chapter 3 
In this chapter we have discussed the work of Bijou and 
Staats with subnormal children, some of whom had I.Q.'s below 50 and 
Mental Age's below 5 years; Sidman and Stoddard's studies with institution-
alised children with I.Q.'s or S.Q.'s below 40 (1967) and their studies with 
a mixture of, subnormal and normal children (1966); the work of Morgan with 
E.S.N. children; the work of Friedlander et al. (1967); and some operant 
studies; and the work of Edwards and Rosenberg ~.~. with adult 'aphasic' 
patients. Before drawing conclusions from these studies and relating 
them to the studies of young normal children mentioned in Chapter 2, let 
us briefly remind ourselves of the content of these studies. 
Both Bijou and Staats began using the procedures they had 
devisedfor young normal children with subnormal children. Both found 
that these procedures were generally serviceable for use with the latter, 
but both had to adopt modifications to the procedures. Staats concentrated 
mainly on interposing transition stages in the programme to smoothe the 
transfer from one part of his reading discrimination programme to the next, 
adopting~ ~m6difications for each child. Bijou took the different 
approach of making radical modifications to his training procedures with 
his teaching machine. Believing that the reinforcing properties of the 
machine were having less impact on" the subnormal children than on the 
normal, he required the former to undergo a revised instruction procedure 
with the machine which aimed to draw the child's attention to the fact 
that he ought not to make a 'wrong' response, and to establish a baseline 
measure of responding to the machine which might enable more sensitive 
analysis of the children's responses during the orientation-training 
programme. He unfortunately did not describe any detailed results of the 
modified procedures, but merely notes that the methods had been ineffective 
in teaching the discrimination of the difficult orientations. 
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Sidman and Stoddard systematically devised a programme 
to teach the discrimination of a circle from an ellipse, in which 
'fading' was the principle teaching technique. Having devised what 
they believed was a maximally effective teaching programme, consisting 
of eighteen programme slides, after a series of revisions tried out on 
different groups of normal and subnormal children, they used a group of 
S.S.N. children in an attempt to evaluate the effectiveness both of the 
finished programme with these children and also of the effectiveness 
of 'fading' over mere differential reinforcement of correct responses 
in teaching the discrimination. The stuqy showed that fading was a 
considerably more effective method of leading the child to make the 
discrimination correctly than was mere differential reinforcement of 
correct responses. It also showed that, even with this highly revised 
teaching programme, some S.S.N. children made errors, although all in 
the 'fading' condition managed to reach the end of the training programme. 
Morgan's matching to sample teaching machine represented 
a departure from these first three studies, which were similar in style. 
His machine, while aiming to teach discriminations, relied on an extensive 
verbal commentary to join the frames of the teaching programmes, rather 
than upon the 'fading' of visual aspects of the programme frames. One 
other major difference between his use of a machine and that of the others 
was in its incorporation into the everyday teaching of his school. Morgan 
is, of course, a headmaster and not a psychologist - which perhaps accounts 
for these differences. Marshall, similarly, has shown a teacher's emphasis 
in managing the successful introduction of machines into everyday teaching; 
but not, however, without some initial reluctance, apparently, on the 
part of other teachers. Morgan, similarly (1970), reported an initial 
opposition by teachers in his school. 
The 'free-operant' studies involved types of 'teaching 
machine' which required similar, but apparently simpler, shills to those 
required for the other machines described so far. Although there seemed 
to be no detailed accounts of how S.S.N. children could repond to the various 
pieces of operant apparatus it seemed that they were potentially suitable 
for many such, children and, in the stuqy of Friedlander ~ &., good 
results were obtained with two yoUng institutionalized children. In ' 
this last named stuqy the use of a Piagetian framework for conceptualizing 
the work seemed a valuable development from ealier studies. 
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The studies in the use of a teaching machine with adult 
aphasic patients seemed to show the successful development of some of 
the aims of the similar studies described in this and in the preceding 
Chapter, in the authors' use of it in a hospital setting as a means of 
assessing and remediating some of the specific cognitive deficits 
apparently associated with aphasic patients. The development of a complex 
and comprehensive teaching machine suitable for such patients was 
described, as well as some of the studies conducted with it which aimed 
to assess and improve specific areas of discrimination performance. 
Let us now take the six groups of studies discussed in 
this Chapter and draw conclusions from them in terms of the five 
'points of information' required for our intended analysis of the use 
of such machines with the S.S.N. child. 
Point 1 : Each of the machines (or pieces of apparatus) 
described in this Chapter resemble that described by Skinner as suitable 
for normal and handicapped children and are therefore appropriate, 
potentially, for fulfilling his aims for such machines. Each of the 
studies has clearly been influenced by Skinner's beliefs, although 
Morgan shows a certain independence from them. 
Point 2 : Bijou (1968) noted that children with I.Q.'s 
ranging from 32 to 66 and M.A.'s from 3 years 10 months to 8 years 10 
months found his machine attractive, in that they seemed enthusiastic 
about coming to his laboratory for repeated sessions and were, moreover, 
keener in this than were the young normal children of pre-school and 
primary age. Bijou does not, however, give precise data about the number 
of responses children made to the machine or the amount of time they were 
willing to spend at it. Towards the end of his studies, however, data 
was obtained on 12 children with M.A.'s ranging from 3 years 10 months 
to 6 years 3 months who were required to reach a stable rate of responding; 
these boys took from 4 to 17 sessions to reach such a stable rate, 
suggesting that the machine was attractive to the children. 
Other studies have noted few occurrences of subjects not 
finding such machines attractive, so that it would seem that S.S.N. 
children would be likely to respond well to such machines as the Touch 
Tutor. On the other hand, it must be amphasized that ther~ has not been 
the opportunt~ to consider the responses of many S.S.N. children in 
detail, so that it is difficult to predict how many such children would 
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do so. In addition, the studies cited have not mentioned the extent 
to which their groups of subjects are representative samples; it could 
be that subjects who have not ref-ponded to the machines have been 
excluded from stu~. 
One final source of information on this point which 
is relevant is data from operant studies in which lever-pulling or 
some related task has been studied over periods of time. 
For example, Watson et ale (1968) studied the behaviour of 17 
S.S.N. boys over a number of sessions in a plunger-pulling task; it appeared 
that poke(-chips which were exchangeable for 'can~ and amusement reinforce-
ment' were effective in maintaining behaviour over 23 sessions in 3 
subjects and over a further 70 sessions in 7 subjects. The remaining 
subjects acted as control subjects and were given social reinforcement 
instead of poker chips. Their pulling began at a high rate but 
extinguished after approximately 5 sessions. As another example, Ellis 
et.al.(1960) studied a group of 12 S.S.N. adults with I.Q.'s of 30 or 
less over a period of 30 daily half-hour sessions, during which responding 
was maintained, in the majority of subjects, at a high rate of approximately 
one response every two seconds. A second group of subjects, with I.Q.'s 
ranging from 30 to 70 and M.A.'s ranging from 3 years to 9 years were run 
on the same task of lever-pressing for a period of 15 days, during which 
their behaviour was maintained at a high rate. B,y the 15th day the group 
was responding on a Fixed Ratio schedule of 1024 responses per reinforce-
ment with a mean number of approximately 4,500 responses in a 30 minute 
period. Other operant studies suggest that S.S.N. subjects in general 
have a similar liking for such tasks, although it is difficult to determine 
the representativeness of subjects studied in many of the reports (it 
seems to be typical practice in such operant reports to concentrate upon 
the behaviour of individual subjects, a practice encouraged by such 
workers in genera who believe the experimental analysis of the single 
case to be of more value than taking the average behaviour of groups of 
subjects (cjf Skinner, 1959). 
Point 3: It would appear that the operation of matching 
to sample machines is harder for subnormal than for normal children of 
similar Mental Age, to judge by the difficulties Bijou, Staats, and 
Sidman and Stoddard had in the use of their machines with mildly and 
severely subnormal children. Particular problems in this respect Seemed 
to lie in the ineffectiveness of reinforcement contingencies in controlling 
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behaviour together with the appearance of 'extraneous behavior', both 
noted by Bijou, the difficulty found by Staats in the verbal control of 
children's behaviour, and in an increase in error patterns noted in 
Sidman and Stoddard (1967). These difficulties led Bijou: -and Staats to 
adopt marked changes in their procedure, and it might be supposed that 
a more fruitful approach would be to do as Marshall, Friedlander et ale 
and Edwards ~. did and to begin work from the start with these 
different groups of handicapped subjects. 
Again, it is difficult to determine how many S.S.N. 
children have found the task of matching to sample difficult. One would, 
however, expect, on the basis of our conclusions concerning this 
with young normal children and on the comparison studies of Staats and 
Bijou, that children would have difficulty in the task both in its 
acquisition, and execution with difficult stimuli to discriminate. If 
the teaching material is carefully sequenced it would, to judge by the 
experience of Sidman and Stoddard, those who worked with aphasic patients 
and by Staats, that the difficulties experienced by children may be 
lessened. One other way to achieve this, it would seem from the experience 
of Bijou, would be to allow children repeatedly to work on the same 
programme material until well practiced at it. One might also expect 
that the variables we have seen to be apparently relevent to the acquisition 
of young normal children of this task, namely Mental Age and the 'split' 
type of machine operation, could also be relevant to its acquisition by 
handicapped children. 
Point 4: Little discussion has been given~ the use of 
machines such as those described in this Chapter by teachers in the classroom 
setting. Such use would appear to be possible for the mildly retarded 
child, however, to judge by the experience of Marshall and Morgan. One 
drawback is, again the fact that the machines used appear to require 
semi-permanent installation, and have so far been involved in various 
adjustments to suit the needs of the subjects. 
Point 5: Little discussion has occurred of what machines 
of matching to sample format may be used to teach. Bijou demonstrated 
the possibility of improving discrimination skill by his 'fading' 
programme butnoted that children made many errors in the course of the 
programme, with children of lower M~A. performing less well than children 
with higher M.A. in this respect. It is thus difficult to learn what 
children did gain from this programme. Staats has suggested the 
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possibility of children being able to acquire the names of letters and 
letter - combinations although no extensive data concerning this has 
been given. 
Edwards et ale suggest possibilities of the matching 
technique being used to improve discriminationparformance on similar 
English words; the studies of Sidman and Stoddard similarly suggest the 
possibility of this but give little discussion of the extension of the 
technique. 
The work of Friedlander et ale suggests that machines may 
be used with good effect to give 'stimulation' and to encourage motor 
acitivity in the more severely retarded. This is one area of the use 
of such machines which has so far been neglected but which could fruitfully 
be extended. 
Finally, the work of Morgan gives evidence that a matching 
to sample machine could be used to present a wide range of subject matter 
to children. It should, however, be noted that his machine, in giving 
extensive verbal commentary, has a completely different emphasis than 
other machines we have discussed, which are predominantly visual in the 
presentation of material. 
In conclusion, it seems that S.S.N. children may respond 
well to matching to sample machines like the Touch Tutor but that they 
are likely to have difficulty in operating them. This difficulty may be 
overcome in some children by special techniques designed for this but, even so, 
some children may persist in responding with patterns of incorrect 
responding. Precise figures about the extent of these difficulties and 
about how they may be overcome are not, however, available and little 
discussion has been made of the nature of incorrect patterns of response. 
Similarly there has been little discussion of how such machines may fare 
in wider, classroom use and of what may be taught by them. 
Having thus considered studies in t.he use of machines 
similar to the Touch Tutor with young normal and with various groups 
of educationally handicapped subjects we now shall turn to the Touch 
Tutor machine itself and consider details of it. 
CHAPTER 4: THE' TOUCH TUTOR' 
(1) Historical Introduction 
In 1965 two psychologists at Birkbeck College began 
developing a teaching machine which they hoped would be suitable for 
research work in visual perception, and possibly in education, with 
children whose mental age fell below about seven years. No commercially 
available machine was suitable for these children who required a machine 
which was an attractive 'toy' and who could not follow written instructions 
or make written responses on a machine. 
The outcome of their work was a machine they called the 
'Touch Tutor'. It required the child to match to sample and reinforced 
him for responding correctly by 'speaking' the name of the stimulus 
object to him. Initial studies with pre-school and severely subnormal 
children yielded what they regarded as encouraging results and they 
continued to develop the machine with grants from a firm of psychological 
instrument manufacturers (Behavioural Research and Development Limited, 
of Te ddingt on , Middlesex) the Spastics Society, and the S.S.R.C. 
The first published descriptions of the Touch Tutor consisted 
of general accounts of the machine and brief descriptions of the 
preliminary work conducted with it (Cleary and Packham, 1968a,bj Mayes, 
1968) and a technical·account (Cleary and Packham, 1968c). These 
introductory accounts offered, above all, a general rationale for the 
machine. Consider, for example, this extract: 
" 
... a new teaching machine r was devisedJ with the aim 
of solving some of the problems encountered when certain 
basic skills, such as the ability to read instructions or 
to press a series of buttons, cannot be automatically 
assumed. The system evolved is, therefore, intended for 
teaching young children who have not yet learned to read; 
adults and children of subnormal intelligence; and those 
under certain forms of physical handicap. Whilst 
retaining the essential requirement that the student 
should make frequent and observable responses, the machine 
creates an environment in which written or other symbolic 
materials is meaningfully related to its pictorial and 
auditory equivalents. (1968b,p.1) 
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But in add~tion they explained the various special 
features in the machine's mode of operation which they had invented -
electronic touch detection, a 'performance computer' to inform E. when 
S. had reached criterion performance, verbal reinfrcement for correct 
responses, and 'endless' programmes of teaching material. Briefly they 
reported that studies had been carried out with children (Huskisson tl ale, 
1969; Harper et al., 1971) but left more detailed accounts for these 
papers. 
Having thus sketched the origins and first work with the 
Touch Tutor a more detailed account will now be given, concentrating 
on details of the machine's mode of operation and on the experiments 
conducted with it. 
(2) Construction and Operation 
The Touch Tutor Mark II consisted essentially of an 
automatic slide projector and an endless loop tape player connected 
electronically to a touch sensitive displ~ panel. The various components 
and circuitry were located in a lockable, mental cabinet, giving the 
machine a weight of 88lbs. and a size of 2O":x: 19':x: 28". Pictures of this 
machine, with which all the experiments referring to the 'Touch Tutor' 
in this volume were conducted, are given in Figures 4.1 and 4.2. 
Visual teaching material had to be photographed and prepared 
on 36mm. slides and loaded into the rotary magazine of the slide projector. 
The auditory equivalents of the stimuli had to be recorded on standard 
magnetic recording tape and loaded into the endless loop cassette of the 
tape player. A typical slide from the first teaching programme supplied by 
the maker ("-2") is shown in Figure 4.3. The white segments at the top 
and bottom of the slide (which the child would not see) are codings which 
enable the machine, via photocells, to differentiate correct from 
incorrect responses (lower codings) and to render the panels touch-sensitive 
(upper codings). 
Cleary and Packham supplied a 'programming manual' with 
each machine sold. It advised the user to distrubute programme material 
randomly throughout the programme of 100 slides, and to prepare the 
position of correct choices on each frame according to an essentially 
random sequence (in fact, they advised the use of a Gellermann (1933c) 
series~ in order both to minimize the occurrence of incorrect patterns 
(or 'habits') of responding as well as to ensure that only correct 
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Figure 4 .1 
A child responding to the ' Teddington Touch Tutor Mark II ' . 
A typical ' reading ' slide from one of the makers ' programmes 
is displ~ed on the stimulus panels of the machine . 
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: Interior of the ' Touch lockable =g...;;;;....,;-.~-
door removed . The sockets and digital counters on the rear of the 
machine were not standard fitments . 
Figure 4 . 2b : The control panel of the 'Touch Tutor' . The 
tape player is on the right of the picture . 
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A typical slide for the 'Touch Tutor' from the makers' 
"-2" programme. 
(, 
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matching performance would result in criterion scores). 
The child, sitting in front of the machine, had to touch 
the lower, 'response' panel which correctly related to the upper, 'stimulus', 
panel. If he responded correctly the machine would 'speak' the name of the 
object displayed on the stimulus panel, or some other message lasting less 
than five seconds, and change to a new slide. If the child responded 
incorrectly the machine would be silent but would change to a new slide 
after five seconds. After his first response to a new slide the child 
could not, therefore, make another response which was detected by the 
machine. 
The child could continue to respond in this fashion for as 
long as he liked, for the programme material re-circulated endlessly. 
The essentially unsequenced nature of the programme material (see above) 
allowed the child to begin at any point in the programme. 
The child's choice behaviour was monitored by the 
'performance computer'. An electronic circuit, based on the controlled 
charge and discharge of a capacitor attached to the touch- and correct-
response circuits, calculated the ratio of correct to .incorrect responses 
over the 19 slides before that .displayed. When the child had made 90% 
of the previous 19 slides correct a bulb was illuminated. The exact 
percentage at any one time was displayed on a meter at the rear of the 
machine. The aim of the device was to inform E. when S. had mastered a 
programme and could fruitfully be transferred to another. 
The experimenter could load programme material through 
a door in the side of the machine and through a door in the top panel at 
the rear of the machine. Nen to the tape player here were switches and:;' 
buttons by which the machine could be operated, and lights which informed 
E. whether S. had responded correctly or incorrectly, and whether he had 
,(from the 'meter') reached criterion performance. Both these doors were 
lockable. Socket s for remote control or recording apparatus were built' 
into the rear of the machine. 
(3) Studies with the Touch Tutor 
Huskisson ~~. (1969) investigated the responses of 18 
pre-school normal children aged 3yrs. 10 mths. to 4yrs. 10 mths. to the 
Touch Tutor under three experimental conditions. 
Initially, as 'condition 1', children were instructed 
in matching to sample with a series of picture-matching slides and 
allowed to work on the machine until they had reached criterion. 
17 children reached this criterion in an unspecified number of sessions. 
On reaching criterion, children were transferred to the 
second experimental condition. In this they responded to a series of 
picture-word matching slides, where the stimulus was a picture and the 
response item a word. They saw four types of slide in this series, in 
addition to picture-matching revision slides from the first series 
of slides; slides with, for example, a cat at the top with the words 
'cat' 'hat' at the bottom; slides with, for example, a cat with 'sun' 
'Cat' at the bottom; slides with, for example, a sun with 'sun' 'dog'; 
and slides with, for example, a sun with 'sun' 'hat' at the bottom. 
The aim~ the experiment was to record which word the 
child would respond to first when a slide of one of these four types 
appeared, and whether the response was correct. It was expected that 
children would (a) respond more frequently ('pre'fer') and (b) respond 
more correctly to ('learn') the words 'dog' 'lip' 'pen' 'sun' - which 
were visually and auditorily different to each other - than to the words, 
'bat' 'cat' 'hat' 'rat' 'mat' which were auditorily and visually similar 
to each other. This type of study was said to have implications for 
teaching at the beginning of instruction in reading. 
Results showed that children did in fact respond more 
often to the 'unlike' words than to the 'like' words, and that they 
were more often correct on slides where an 'unlike' word was the correct 
alternative. The authors assumed that the children 'learned' to read 
these words and suggest that the experiment implies that in the early 
stages of reading the words used by' the teacher for the child should be 
maximally different from each other. 
After completing this experiment children were transferred 
to the third experimental condition. A reading programme (number 0(1) 
in the maker's series of programmes) was used. Half of the children 
were given these slides with the machine saying 'you are doing well', 
This programme contained slides in which the stimulus item was a 
word and the response items pictures. 
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'well done' and so on; the other half of the children were given the 
slides with the machine naming the item aSU3ual. In the first session, 
the only one analysed, children with specific naming of the stimulus item 
had a higher proportion of correct responses than did children with 
general encouragement; taking the number of responses made in the session 
as a measure of motivation there waSlD difference in the motivating power 
of the two conditions. 
Harper et ale (1911) studied the responses of 16 S.S.N. 
children, ranging in chronological age from 9 to 16 years and in Mental 
Age from 2 years 9 months to 8 years 4 months. Further description of 
the children is restricted to the comments that they had spent from one 
to six years attending the hospital school but had received no formal 
instruction 'in reading. 
Initially subjects were given a picture matching 
programme ("-2" in the makers' series of programmes) requiring the 
matching of colours, pictures, geometric shapes, and picture-word 
combinations. No instructions were given; to quote from the paper: 
"The children were left to discover the principle of matching to sample 
for: themselves with the aid only of auditory knowledge of results from 
the Touch Tutor to confirm their correct responses and its absence 
implicitly to indicate errors." (p.2). Three subjects reached criterion 
in their first session; nine reached it between two and ten sessions, 
andfour did not reach criterion within this time. Sessions, one per 
week, lasted for approximately 20 minutes. Errors made on the four types 
of slide were analyzed; statistical analysis enabled the null hypothesis 
that the four conditions were equal to be rejected (i.e. that the case 
o =0 =0 =C
4 
did not apPly(1). 
123 
(1) Harper et ale seem to suggest (p.5) that there were differences 
between each of these classes of stimuli, (i.e. that C1< C2< C3<04). 
This is an unwarranted assumption on the basis solely of the Friedman 
Two-Way Analysis of Variance by Ranks, which was used here. It is 
possible that the significant value of the statistic obtained from 
the application of the test resulted solely from a large discrepanc,y, 
between ease of word-matching against all other stimuli, which is 
indicated by their Figure 5 (p.1). 
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Children who reached criterion were then transferred 
to a programme Which required them to match, in half the slides the 
letters b,d,p.q, and ~,w presented as the initial letters of similar 
words, e.g. 
pear 
pear mear qear (sic) 
and a variety of other stimuli in the other half, namely picture-
word combinations, randomly-arranged dots, with or without colour cues, 
and pictures-to-words. Three children reached criterion in this 
'complex' programme, the others remaining close to chance in their perf-
ormance throughout this stage of the experiment (how long this was 'is 
not said). 
Results agreed with previous work with young normal 
children by Fellows (1965) and.by others. Most errors arose in matching 
'reversals' (e.g. p-q), less with 'inversions' (e.g. ~b) and least 
with rotations (e.g. b-q). Confusions of b,d,p,q, with the neutral 
letters m,w accounted for 13.4% of' errors made by the three subjects Who 
reached criterion and 31% of all errors made by the remaining children. 
For the other stimuli, 6 of the 9 children showed retention from the 
simpler programme by matching revision slides with ~er errors than 
expected; dot-matching was good, with 7 of the 9 subjects taking 
advantage of the colour cue when it was present; little improvement was 
shown on the more difficult task of matching picture-to-word. 
The authors say little about the findings. With regard 
to the machine, they say that the rapid discovery of the principle 
of matching by three of the children was encouraging and that auditory 
knowledge of results was effective for 12 of the 16 children in 
reinforcing matching behaviour and maintaining it over many sessions. 
With regard to the data on reversals they note the substantiation of 
their findings with most of the literature in the field (although the 
reverse is more accurate). They say perhaps more about implications 
of their findings for the education and assessment of retarded children, 
noting the fact that 'some children' said the appropriate word in 
response to the pictures before the machine 'thereby interacting in 
a social manner with the teaching machine' (p.8). Some of the children, 
too, 'could not be satisfactorily assessed by conventional procedures, 
although all responded to the automated system'. They continued: 
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'The availability of detailed analyses of errors clearly could 
assist in the assessment of retarded children, diagnosis of specific 
disabilities etc., as well as in remedial training.' (p.9). 
(4) Discussion and Conclusions 
The Touch Tutor resembles the machines described in 
Chapters 2 and 3. In overall aim it fits Skinner's views about the 
aims of teaching machines in general and of a machine for pre- or 
non-reading subjects in particular, utilizing the principle of self-
paced, self-instruction with a machine whose mode of response is 
suitable for the subject using it. It can provide a response by 
response record of the subject's behaviour, too, and may be used to 
provide the subject with frequent reinforcement, for correct responses. 
It differs largely in terms of technical details having 
a sophisticated electronic touch detection faCility, a 'performance 
computer', spoken reinforcement, and in the fact that it is self-
contained. Unlike Bijou'S machine it does not require the child to 
respond to the upper, stimulus panel before making a choice to the 
bottom panels. One other major difference lies in the fact that 
programmes so far designed for the machine are in no sense intended 
to present the child with a carefully ordered sequence of material of 
increasing difficulty, as Skinner recommended. Neither do they conform 
to any other programming 'style' or to ~he maxims of the programmed 
instruction fra~ernity that instruction should be a carefully planned 
and specified event. 
In general it seems to offer a fairly attractive and 
convenient-to-use version of a teaching machine of traditional format. 
Physically, it is also immediately suitable for potential, everyday 
school use. 
The stu~ of Huskisson ~ ale has shown that one group 
of children from a pre-school play group easily learned to match to 
sample over several sessions with the machine. They continued to 
respond to a more difficult matching programme and apparently learned 
to 'read' several words while doing so. It thus appears that the Touch 
can 
Tutor, for some pre-school children,,, exertr1 sufficient control over their 
responding to enable their responses to different classes of experimental 
interest to be studied. In this respect it s use has been similar to 
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the use made of similar machines by the workers described in Chapters 
2 and 3. 
The results of the stuqy were only briefly discussed; 
more interpretation of the results either in terms of psychological 
theory or in terms of their educational implications would have been 
interesting. In addition, little was said about any wider implications 
of the results for the wider use of such machines with pre-school 
children. 
'Ihe study of Harper ~ &. extended the use of the 
Touch Tutor to a sample of 16 children from a subnormality hospital 
school. 12 of the children learned, with no instructions, to match 
to sample in up to approximately 3 hours of experience with the 
machine and three of these children continued to match When transferred 
to harder matching tasks. 'Ihe machine seemed to remain attractive 
to these children over several sessions and some children 'interacted' 
with it by speaking the name of the stimulus picture. 
'Th.e results show that the machine could be usable by and 
attractive to some S.S.N. children, although it does not give more 
than an indication of the representativeness of the sample for other 
children in a hospital school. Again, little was said about the 
theoretical and practical implications of the findings but a theme 
present in many of the papers we have discussed in Chapter 2 and 3 
... recurred when the authors suggested the potential application 
for the machine in the training of such children; that is, the possibility 
was briefly mentioned, but not developed. 
The lack of detail with Which the parts of this stuqy 
were presented makes it difficult to make exact appraisal of the responses 
of these S~S.N. children to the machine. Superficially, it does seem 
that their responses were similar to those of pre-school normal children: 
they responded to it favourably and some apparently learned to match 
to samp~e on it. Over several sessions they responded to it well 
so that it seemed to retain its attractiveness to them. They stuqy, in 
common with previous ones conducted with similar machines, presented 
the machine in a favourable light but did not examine its potential 
use critically. Although, therefore, the machine might have exciting 
possibilities for the education and training of the S.S.N. the extent 
to which this potential is realistic is, from this stuqy, but vaguely known. 
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In conclusion, details have been presented of a new 
teaching machine together with details of two studies with the types 
of children for Whom it was designed. These brief stUdies have Shown 
that such children apparently respond to the machine favourably, but 
although this finding suggests that the machine could have wider 
implications both for pre-school normal and for S.S.N. children such 
implications have not been examined even in cursory detail by these 
witers. It could, however, be argued that the brief nature of these 
stUdies has been such that they provide insufficient information for 
such an examination to be made. T his is indeed true; too little 
information was given on the characteristics of the subjects for one to 
judge upon their representativeness to other populations of such 
subjects; the stu~ was carried out in the setting of a purpose-built 
laboratory by the designers of the machine and the programme material 
used gave only a brief indication of the educational application of 
such a device to the curricula of these children. Clearly, information 
on these points would be needed before an adequte examination of the 
machine's educational potentialities could be made. 
Even so, in 1968 when this thesis was conceived, the 
commercial manufacturers of the Touch Tutor were presenting 'it 
ostensibly as a mchine well suited to the eiucational problems and 
needs of S.S.N. children and others with similar problems: 
"'lhe machine is principally intended for teaching 
young children who have not yet learned to read, adults and children 
of subnormal intelligence and those under certain forms of physical 
handicap." (Behavioural Research and Development Ltd., 1968). 
It had several attributes: 
"very simple to operate •••• creates stimulating 
environment ••• holds interest of the student ••• infinitely patient 
••• encourages speech ••• (ibid.) and was: 
"currently being used by educational centres for 
subnormal children." (ibid.) 
The machine was then priced at £500.00, programmes of 
100 slides at £25.00. W hen, in 1971, a solid-state ve~on of the 
machine was marketed by the same firm, priced at £650.00, the same 
blurb was re-Esued. 
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Despite the price, the machine seemed to have an immediate 
appeal to some of those bodies concerned with educational provision 
for the severely subnormal, most notably the Parents' 
Societies affiliated to the National Society for Mentally 
Handicapped Children. Some of these local Societies contemplated 
buying Touch Tutors for use in their local Training Centres 
and some in fact did but machines. A t"~levision programme appealed 
for money - and bought two machines. 
Dfispite9, therefore, "the cost of the machine it was being 
considered for everyday educational use with severely subnormal Children. 
Was :there :the theoreticaL or empirical evidence to justify such use? 
For although the Touch Tutor could not be said to be detrimental, 
neither was there evidence for its educational value ~ualling its 
cost. 
(5) llie justification for the use of the Touch Tutor with S.S.N. 
children. 
The discussion so far has been considering five points 
of information in relation to the use of teaching machines with the 
S.S.N. since it was argued, in Chapter 1, that these five 
points represented important pre-requisites in order for the 
wider educational use of a machine like the Touch Tutor to 
be worthwhile. Having considered evidence on these five points 
in relation to previous studies with machines of similar design 
it is now necessary to consider them in re ation to the Touch Tutor 
itself. 
Point 1: The Touch Tutor is clearly a machine 
appropriate to the aims of Skinner, in the same way that many 
of the previous machines we have discussed have been. 
Point 2: There is evidence from the two studies 
cited of the Touch Tutor's use with pre-school Qnd S.S.N. 
Children that the machine is attractive to such Children, 
in that groups of. them have worked at the machine over a number 
of sessions with the spoken reinforcement of the machine as a 
reward. We do not know, however, how representative such a finding 
is for S.S.N. children in general. 
Point 3: 12 of the 16 children studied by Harper 
et ale (1971) learned to match to sample to a criterion of 90% correct 
--
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with the remaining children developing incorrect patterns of response, 
in up to 10 sessions lasting approximately 20 minutes each. Again, 
we do not know how representative this sample of children may be. 
In the stuqy of Huski~son et ~. (1969) 11 out of 18 pre-school 
children reached criterion in an uq~pecified number of sessions. 
Point 4: There has been no discussion of the use of 
the Touch Tutor by the teacher. The Touch Tutor is, however, a 
portable device not requiring semi-permanent location for its operation 
and physical accommodation. 
Point 5: Little has been said about the extent to which 
the Touch Tutor should ~ the S.S.N. child. The studies of the machine 
cited in this Chapter have shown that the machine may teach children 
to match to sample on easily discriminable stimuli but it was found 
that the matching of all but three children broke down on difficult 
stimuli. 
The fact that little detail has been provided by these 
studies of the responses of many S.S.N. children to the Touch Tutor, 
coupled with the fact that a similar fault is present in the studies 
discussed in previous Chapters makes it difficult to say, at this 
stage, how far the Touch Tutor presents similar problems in its use 
that have appeared in those studies. The machine is, however, 
fundamentally similar in mode of operation and in the main characteristics 
of the responses of children to it to those previous machines. 
We may, therefore, expect that S.S.N. children in general 
would find the machine attractive and would respond to it; that, 
however, fewer children than these would be able to perform the 
matching to sample task correctly; tha~ some would respond to instructions 
designed to emphasize the essential nature of the task. Moreover, 
some children not learning to match to sample would develop incorrect 
patterns of ~~sppnse. What cannot be predicted with any exactness is 
the numbers of children who would respond in these various ways to 
the machine, whether the machine may be used in classrooms for the 
S.S.N. child by the teacher, nor what the machine may be used to teach. 
In addition, little is known about the nature of the incorrect patterns 
of response which have so frequently been mentioned by previous authors 
and which, receiving little attention, have been generally attributed 
to 'faults' in procedure. 
The aim of the following Chapters is to provide further 
-87-
information on these problems in the hope that further light m~ be thrown 
on them. 
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CHAMER 5: EXPLORATORY STUDIES WITH THE 'TOUCH 
TUTOR AND "EXPERIMENT 1". 
(1) Exploratory Studies 
In the initial stages of the research the Touch Tutor 
was taken to a local subnormality hospital to stuQy some of the reactions 
of the children in the hospital school to it. Of the62 children in the 
school 11 were selected to represent a cross section in ability of those 
children the teachers believed would show any response to the machine at 
all. Some of the children in the school had been seen by a psychologist 
with a view to gaini~some measure of their I.Q. or M.A. but only 6 of 
the 17 children had been given a numerical estimate .. based on a standard 
test. These 6 children had I.Q.'s on the W.I.S.C. of from 45 to 60 and one 
had been given an I.Q. of 41 on the W.P.P.S.I. The work of Bland can, 
however, be used as an additional guide here: his survey of Hospital 
• 
Schools suggested that just under halt of the children in such a school 
would have an I~Q. of 30 and below and just under half would have an I.Q. 
of between 30 and 55, in the 'typical' hospital school (Bland, 1968). 
The remaining children would have I.Q.'s above 55. One would expect 
that this group of 17 children would contain fewer profoundly retarded 
children than occur in the typical hospital school, since children whom 
the teachers regarded as unlikely to respond to the machine at all were 
not included in the group. Individual details of the children used are 
given in Appendix 1. 
The Touch Tutor, due to lack of facilities, was initially 
placed on a table in the school 'office', situated between the children's 
classrooms. Children were brought individually to the room by one 
experimenter (Dr.N~A~Beasley), who knew them, and seated in front of 
the machine which displayed one of the slides in the makers' "-2" programme. 
This programme consisted of 100 slides which could be recirculated, depicting 
colours, shapes, pictures, and picture-word combinations. In 20 of 
the slides two of the response panels were blank (these were termed 
"one-choice" slides), in 20 one panel was blank ("two-choice" slides), 
and in the remaining 60 all three panels contained stimuli ("three-
choice" slides). 
Initially children were given no instructions, as in 
the stuQy of Harper et ale (1911). Unfortunately, the children made no 
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responses to the stimulus panels unless prompted, and it seemed preferable 
to follow the method of other workers - that is, to give the child some 
kind of demonstration of the machine's mode of operation. Subsequently, 
therefore, children were given demonstrations of how the machine worked, 
together with various explanations, encouragements and prompts in a general 
manner suggested by the introductory procedures of Fellows and Bijou and 
by the conclusions of other relevant studies (see Chapters 2 & 3). Even 
so, ~any children responded incorrectly to the machine (although a number 
quickly learned to match to sample) ,systematically touching all the response 
panels in turn, randomly exploring the front of the machine, or continuing 
to touch the response panels until the slide had changed, even though the 
Touch Tutor had named the stimulus object. 
Turning to the literature describing previous studies 
in an attempt to find an explanation for the development of these incorrect 
response patterns, it seemed that blame had commonly been laid upon 
unintended reinforcement contingencies arising from the mode of operation 
of the machine, in conjunction with the Subject finding difficulty in 
the programme material (Hively, 1960, 1962; Bijou, 1968; Sidman and Stoddard, 
, 
1967). These explanations seemed plausible, and they suggested that if 
one could determine what these contingencies were, and if one could make 
the final matching task easier for the children, these difficulties might 
be resolved. 
Watching the children working upon the machine, two 
features of their behaviour were striking. One was the habit of some of 
them to touch the panels of the machine repeatedly until the slide changed, 
even when they had responded and had heard the machine speak. The other 
was their successful performance on the one-choice slides in comparison 
to their unsuccessful performance on the two- and three-choice (matching 
to sampl~ slides. 
The first of these observations suggested the possibility 
of the children actually finding the slide change a more rewarding event 
than the machine speaking. If this were in fact so children would be 
unlikely to learn from the machine since they would be reinforced equally 
for correct and incorrect responses. It was possible, therefore, that 
a reinforcement condition in which a correct response was imm'ediately 
followed by a slide change, and incorrect responses were not detected by 
the machine, would teach matching to sample more effectively to the child. 
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The second observation:' was reminiscent of the wide 
use of 'fading' in previous experiments. Perhaps allowing children to 
work on one-choice, two-choice, and three-choice slides, in that order, 
would improve matching. 
The possibility that these changes in machine and 
programme design might affect matching ability ~as increased as work 
(continued with these 17 children on lines suggested by these observations 
and hypotheses. The makers' programme was re-arranged into blocks of 
one-choice, two-choice, and three-choice slides, and moving the slide 
immediately on after a correct response was made and keeping it still 
~ was triec). 
after an incorrect respohse'A It d~d seem that, as a result of these 
changes, children were more correct in their responding (and, to a 
certain degree, more 'enthusiastic'). 
B.1 the end of this exploratory stuQy two of the children 
had had three sessions with the machine, nine had had two sessions and 
six had had one session. The time the children had worked with the machine 
in any one session ranged from 2 to 30 minutes, with the median being 
around 10 minutes. The performance of 7 of the children on "three-choice" 
slides was above chance responding, with 6 of these children having 
attained this standard in their first session and one in her second session • 
Three children matched the majority of one- and two-choice slides correctly 
but made errors on many of the three-choice slides. Four children were 
able only to respond correctly to one-choice slides, and three children 
made no responses to the machine at all. Although some children had 
received training under different conditions the numbers in each were 
too small to permit any conclusions to be drawn about the effectiveness 
of the different teaching conditions - other than the general ones outlined 
above. 
These initial studies did not form a systematic 
investigation but were invaluable as a general observation of how children 
responded to the machine. What they had done was to give the general 
impression that the range of ability, in relation to the Touch Tutor 
in this hospital school, ranged from accurate and consistent matching, 
through one-choice 'matching', through disorganized responding to the 
touch panels, down to no responding. ~ley had also suggested two remedial 
measures for those of the children who responded correctly to the "one-
choice" slides only. What the study had not done was to give any accurate 
I 
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idea of the numbers of children who fell into these categories in the 
hospital school as a whole, nor of the exact effect of the two possible 
changes in the machine and programme material upon matching to sample 
behaviour. Since it was this kind of information which was necessary 
for the present evaluation of the Touch Tutor's use it was decided to 
repeat these early studies on a more formal basis - that is, under more 
controlled conditions, and with a more complete sample of children. 
(2) The First Main Study ("Experiment 1") 
(i) Introduction 
In line with the above discussion and with the plan of 
Evaluation outlined in the first chaIier of this work the study had three 
broad aims. The first was to determine the extent to which a cross-
section of S.S.N. children (represented in this case by children from 
a local subnormality hospital school) found the Touch Tutor attractive 
and were able to use it. The second was to evaluate the importance of 
two changes (one in programme design and one in the machine's mode of 
operation) in the Touch Tutor upon the extent to which children were 
able to use the machine (that, is to match to sam~le on it). The third 
aim was to determine and discuss general problems which arose from the 
Touch Tutor's use with these children during the study. 
(ii) Method 
(a) Subject s 
52 of the 62 children on the register of the School 
of a local subnormality hospital acted as subjects. 10 children who came 
mostly from the 'infant' class of the school were not tested for 
administrative reasons. 
The chronological ages of the sample as a whole ranged 
from 7 to 19 years, with the median being around 13 years. No M.A. or 
I.Q. data were obtainable for the sample as a whole, but an indication 
of these can be obtained from Bland's work (see above). Estimates of 
the I.Q.'s of 13 children were obtained from the results of the stanford-
Binet, W.I.S.C. or W.P.P.S.I. tests and these ranged from approximately 
11to 60. Translating these into Mental Ages by taking test results and 
chronological ages into account, 12 children had mental ages of above 4 
years 6 months at the time, approximately, they worked with the Touch 
Tutor. The median mental age of the sample, using Bland's figures and 
-92-
a knowledge of the median chronological age of the sample was 3 years 
11 months. These figures are very rough estimates, but they may serve 
as a general guide to the composition of the sample in these terms. 
Some specific details of the sample's composition are given in Appendix 
1. 
The children were from the hospital school used during the 
initial studies and the 52 children studied in the present stu~ included 
16 of the children who had taken part in the initial studies. Apart from 
this none of the children had previously taken part in an experiment. 
(b) Experimental Design 
The aim of the experiment was to compare the responses 
of children under two main conditions. One condition concerned the 
arrangement of the subject matter into blocks of slides arranged 
progressively in order of difficulty in contrast to mixing these randomly 
throughout the programme. The other concerned the operation of the machine 
in its normal manner in contrast to its moving to a new slide immediately 
a correct response had been made and remaining still after an incorrect 
response. Here there were two factors, which each had two levels. It 
will be convenient to refer to them respectively as the 'Progressive I 
and 'Mixed' teaching conditions and the 'Sound' and 'No Sound' teaching 
conditions. The possibility that an interaction of these two factors 
could be important suggested that four experimental conditions should be 
created from these factors, which gave rise to a 2 x 2 experimental design. 
The heterogeneity of the children in this subnormality 
hospital school, coupled with the relatively small numbers, suggested 
that four matched experimental groups of subjects should be created. To 
offset this was the lack of data upon which matching could be based. The 
children were therefore assigned at random to the four teaching conditions. 
Although there is evidence that children require up to 
10 sessions in order to acquire the principle of matching to sample (Harper 
et al., 1971) the children in that experiment were given no instructions, 
--
indicating that fewer sessions might give rise to similar results, if 
appropriate instructions were used. The studies previously discussed 
in this volume in Chapters 2 and 3 and the stu~ of Weinstein (1941)(1) 
suggested that appropriate instructions would probably involve drawing 
the child's attention to the need to look at the top stimulus panel before 
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looking at the lower, response panels of the machine, since not doing 
this seemed to be an important concomitant behaviour of children not 
matching to sample, as well as showing the child that some comparison of 
the stimuli present on the screen was necessary for gaining reinforcement. 
There was also the possibility that children working on a teaching machine 
requiring them to match to sample could, if they were responding incorrectly, 
develop patterns of responding which continued practice not only might 
not cure, but might encourage (Hively, 1960; Sidman and Stoddard, 1961). 
It was, therefore, resolved to limit the number of training sessions each 
child would have with the Touch Tutor. This was set at two sessions when 
it appeared, as the stuqy proceeded, that the effects of the training 
conditions on the children'S behaviour were slight. 
Allied to this consideration of the number of training 
sessions each child should receive was a consideration of how the effects of 
their experience with the machine should be gauged. It was hoped that 
an ongoing measure of their behaviour could be devised but the failure 
of the recording instrument used (an event recorder) accurately to measure 
the number of correct responses children made, made it subsequently necessary 
to assess the performance of children by screening tests. Thus, all 
children received what amounted to a Pre-test and a Post-test of their 
performance during the stuqy and these provided measures of the effectiveness 
of the experimental manipulations and of the stuqy as a whole. 
(c) The 'Touch Tutor' 
The Touch Tutor required modifications for the stuqy to 
enable an evaluation to be made of the effectiveness of the slides changing 
immediately after a correct response had been made upon the children's 
behaviour to the machine. The control mechanism of the machine was, 
(1) Weinstein (1941) made detailed stuqy of the development of matding 
to sample in two rhesus monkeys and in two children of normal ability 
aged approximately three years. Realising that looking at the sample 
stimulUS was vital to the mastery of the task he took pains to establish 
this aspect of behaviour in his four subjects. The 'preliminary tutoring' 
this required .was, however, extensive; the two monkeys required 
respectively 1199 and 1584 trials before they were systematically 
matching and the children approximately 1000 each. In a later stuqy 
(1945), involving the filming of monkeys while matching, it seemed 
that efficient performance was marked by a glance at the sample stimulus 
followed by rapid examination of the response stimuli, before the choice' 
finally was made. 
I 
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therefore, changed so that any correct response to the stimuli would 
result in the immediate changing of the slide and any incorrect response 
would have no result (i.e. the slide would remain Qn display). No verbal 
message occurred during this 'No Sound' condition. 
(d) The Experimental Laboratory 
The hospital authorities could not provide a room for 
the duration of the stu~ in which the Touch Tutor could be semi-permanently 
located. This was an essential requirement ;, in order that the conditions 
of the experiment could be standardized for all children. After some 
consideration of the possible alternatives, a proposal was submitted 
to the "Joseph Rowntree Memorial Trust" for finance to purchase a 'Mobile 
Laboratory' for the stu~. The Trust kindly agreed to the proposal and 
a Ford 'Transit' Parcel Van was accordingly purchased and modified for 
use as such a laboratory (see Figure 5.1). The interior of the van was 
divided into two compartments (see Figure 5.2) one of which (the child's 
compartment) appeared as an attractively furnished 'room', while the other 
(the experimenter's compartment) housed the various control and recording 
apparatus. The Touch Tutor was located with the displ~ screen on the 
child's side of the dividing partition and the rear of the machine on the 
experimenter's side. A small one-way mirror was located above and behind 
the child on his left as he sat in front of the machine. 
(e) Programme Materials 
In the exploratory studies it had appeared that the 
schematic rendering of the pictures in the Cleary and Packham "-2" teaching 
programme was causing confusion to some children. In addition the numbers 
of one-choice, two-choice, and three-choice slides were unequal, making 
those slides unsuitable for a controlled stu~. Accordingly a series 
of line-drawn black and white slides of simple objects (house, clock, car, 
man, hand, and chair) were prepared in different ways for use in the teaching 
conditions (see Figure 5.3). Equal numbers of one-choice, two-choice, and 
three-choice slides were loaded into slide magazines either randomly (for 
the 'Mixed' teaching conditions) or in three blocks in that order (for 
the 'Progressive' teaching conditions). In the 'No Sound' teaching 
condition 100 slides of each choice type were prepared for the 'ProgreSSive' 
condition; in the 'Sound' teaching condition 33 of each choice type were 
prepared for the 'Progressive' condition. This discrepancy occurred because 
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Figure $.2 
Plan of the interior of the Mobile Laborator,r showing the 
Touch Tutor ('a') located in the screen ('b') dividing 
the labora5or,r into areas for the experimenter ('e') 
and for the ch~ ('d'). The position of the child's seat 
can be seen at 'e' and the one-w~ mirror at 'f'. 
o 
AOO 
Figure 5 .3: Examples of the stimuli used in Experiment 5 in one- choice, 
two-c~bice and three- choice format . 
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a correct response plus a slide-change took two seconds in the 'No 
and a half 
Sound ' condit ion and six "seconds in the 'Sound ' condit ion and some 
equalization of the number of slides the child experienced was required. 
(f) Introducing children to the Experiment 
In the initial stuqy it had appeared that some kind of 
instruction in the operation of the machine was preferable to allowing 
children to discover how to operate it completely by themselves. This 
belief had been reinforced by the fact that all other studies than that 
of Harper et al. (££. cit.) used some kind of introductory or instruction 
procedure., In that initial stuqy the introductory method chosen had been 
an eclectic one, based on a combination of explanations, encouragements, 
prompts and demonstrations as dictated by the initial responses of the 
children to the machine. The aim of these procedures had been to draw 
the children's attention to the important features of the machine'S mode 
of operation which were necessary to its mastery. These, derived from 
the work of Hively, Bijou and Fellows, related to the need to look at the 
top panel of the machine before looking at the bottom panels,'and to the 
need for the child to realize that he had to perform some comparison of 
the stimuli in order to 'make the machine speak'. 
However, although this procedure was successful for some 
children, it was not so for many of them; in the planning, therefore, 
of this first main stuqy, it was asked whether changes in the procedure 
should be made. In order to facilitate subsequent understanding of what 
had happened in this main study it was decided to adopt a standard 
introductory procedure for all children; the one chosen would have to 
include an indication of the two main 'features' of the task indicated 
above and would have to have a reasonable chance of success. In the 
initial stuqy one useful device had seemed to be pointing to the top 
panel of the machine before the bottom one and encouraging the child 
to do the same, coupled with exhortations to 'make the machine speak'. 
It had seemed preferable ~o the predominantly verbal method of Fellows 
,., 
(1968 ) at the time, both beca'use Fellows had had little su::cess with his 
method with younger children (below M.A. 4iyears), and because S.S.N. 
children are said to suffer defi,ciencies; in comparison to, normal 
children, in their verbal comprehension, particuhrly those in subnormality 
~ 
hospitals (c/f Llfle, 1959; 1960a; 1960b). On~ other potential ~alue in 
-96-I 
the 'pointing' method lay in the possibility that the child might 
remember to do this for every slide thus drawing his attention continually 
to the need to look at the top slide before the lower ones (Bijou's 
machine, it will be remembered, did not require the child to remember 
to do this, it's break-down of the task forced him to do it). 
In this stuqy, therefore, each child received an 
introductory demonstration of the mode of operation of the machine in 
which the Experimenter (E.) pointed first to the top, st imulus panel, 
of the Touch Tutor and then to the correct matching bottom stimulus, 
encouraged the child to do ~s for himself, and exhorted him to 'make 
the machine speak'. The exact procedure was as follows: 
E. seated the child in front of the Touch Tutor and said 
"Now ••• (name). Watch me". He then pointed slowly and distinctly first 
to the top and then to the correct bottom panel for each of ten one-choice 
slides (teaching the child to touch the top and then the bottom pictures 
was thought to be easier if the child did not have to pay attention to the 
difference between the pictures as would be the case if two - or three -
choice slides had been used); the child could then complete ten similar 
slides himself. E. did not correct the child if he responded incorrectly, 
but added "Go on - make the machine speak" at intervals, throughout 
these latter ten slides. 
In line with the aim of providing controlled conditions 
in this experiment, in order better to evaluate the effect of the different 
parts of the stuqy, children were given this introduction as a standard 
procedure. The only departure from it occurred if a childmd not respond 
after the demonstration, when it was repeated, or if a child did not 
begin to respond himself at the start of his second session, when it was 
repeated. 
(g) Procedure 
The Procedure of the stuqy can conveniently be divided 
into three stages: The 'Introductory and Pre-test', 'Training', and 
'post-test' stages. The Touch Tutor, throughout the stuqy, was situated 
in the Mobile Laboratory, to which only two children (who are included 
in t~e sample of 52) actively refused to come. One experimenter always 
sat with the child, behind him and to one side, while the other (if he 
were there) sat behind the screen for purposes of recording, observation 
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and machine operation (Dr.N.A.Beasley sat with the children for half 
of the study, with J. R. Hegarty behind the screen; in the second half 
of the study Dr.N.A.Beasley was not often present, when J. R. Hegarty 
sat with the children in addition to operating the apparatus). 
At the beginning of each session a child was brought 
from his school classroom to the Mobile Laboratory and seated in front 
of the Touch Tutor. In the 'Introductory' stage E. performed the sequence 
of instructions described earlier; said, "Now you do it by yourself", and 
allowed the child to complete ten identical one-choice slides on his own. 
These twenty slides were all of the same object, a cartoon figure of a 
dog drawn in black and white. The position of the lower figure in these 
slides varied randomly between the three lower positions. 
On completion of the twenty introductory slides, the 
child worked through ten slides depicting the six black and white line-
drawn figures (house, car, clock, hand, man, chair), all of which 
contained three response choices. The position of the correct response 
varied randomly, as it did in all the slides used. In addition, no 
picture occurred in the same position on more than three consecutive 
slides and no position was correct on more than three consecutive slides. 
The child's performance on the ten one-choice and the ten three-choice 
slides in this 'Introductory and Pre-test Stage' was used as a'Pre-test' 
record for the child. 
In the 'Training' Stage the child was given two sessions 
of training, in which he worked through one of the four teaching conditions. 
At the beginning of Session 1 he received his 'Introductory and Pre-Test' 
slides, at the beginning of Session 2 he was given instructions only 
if he did not immediately respond to the machine, and in Session 3 he 
received the 'Post-test' slides (see below). 
In the 'Post-test' Stage each child worked through 40 
slides consisting of 10 one-choice, 10 two-choice, and 10 three-choice 
slides in that order, showing the same material as in the 'Training' 
Stage, and 10 three-choice slides depicting 'nonsense shapes' (Attneave, 
1957) which acted as a test of transfer to complex and unfamiliar matching 
to sample material. The machine in this 'Post-test' Stage was in the 
same mode of operation as in the 'Training' Stage for each child. 
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Occasionally, children would cease responding to 
the Touch panels or would look away:while continuing to respond. E., 
in such cases, generally waited three :minutes before giving a verbal 
'. ." 
prompt to the child, namely- 'LTouchthe pictures and make it speak" 
(or, "Touch the pictures and make it go on" - in the "No Sound" conditions). 
If no, or only one or two,response9were made thereafter the same 'prompt' 
would be repeated. If this second 'prompt' had no effect the session 
would be discontinued. If children persisted in responding after a 
'prompt' for more than three responses and then ceased responding the 
'prompt' would again be repeated and the session discontinued when 
responding again ceased. Sessions were generally brought to a close 
after twenty minutes had elapsed from the time of entering the Laboratory, 
unless cessation of responding made this time shorter. Some children 
were allowed to remain slightly longer than twenty minutes, depending 
on their enthusiasm?for the machine. This was done to give a broader 
picture of the machine's attractiveness to these children. 
The Experiment lasted approximately four months, 
occupying the months of October, November, January and February, 1969-1970. 
During this period children were studied over paiods of about one month 
but this was not equally regular for all children. ' 
(iii) Results 
The Results of the Study and the subsequent Discussion 
will be presented in relation to the three aims of the study (see page 91). 
The task of the first seqtion of results will be to 
provide preliminary information on the two important points of the 
First Aim, namely, determining the extent to which a cross-section of 
S.S~N. children: (a) found the Touch Tutor 'attractive' and, (b) were 
able to use it. 
(a) The Touch Tutor's "attractiveness" 
As the study proceeded it seemed that a large number 
of children were not attracted to the Touch Tutor in that they made 
either no, or only one or two, responses to it before either moving 
to something else in the Mobile Laboratory or sitting listlessly at 
the Touch Tutor. Prompts given to these children typically had little 
effect, or led them to make only one or two further responses. The 
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remaining children were characterized by longer periods of responding 
to the machine, giving the general impression of having greater interest 
in it. This was not a simple, constant effect, however, as the responsive-
ness of some children changed between the different Stages of the study. 
Putting these general impressions on a provisional numerical basis, 37 
children completed at least 8 slides unaided during at least one of the 
three Stages (, Pre-test', 'Training', and 'Post-test') of the study, of 
whom 27 completed at least 8 slides during every stage. 
Thus, using the criterion of making at least 8 unaided 
responses to the Touch Tutor as the minimum for finding the Touch Tutor 
at all 'attractive', 15 children in the sample found no interest in the 
machine, while a further 10 did not conistently respond during every 
part of the study. 
Table 5.1 shows further details of these results by 
giving, in the main body of the Table, the numbers of children who 
responded to at least 8 slides in each of the various sections of 
the 'Post-test' (each section comprised 10 slides of a particular choice 
type). In brackets are given'the numbers of children who showed a decrease 
(indicated by a minus sign) and the numbers who showed an increase 
(indicated by a plus sign) in responding from the two sections of the 
Pre-test. Thereader will observe that the numbers of children in each 
of the four experimental groups are uneven; this is due to the fact that 
the 10 children not tested in the Study became unavailable after the Study 
had begun. In considering the Table it should be borne in mind that no 
instance occurred of a child responding more frequently to slides of a 
more complex kind than to slides of a simpler kind, at any stage of the 
study, and that no instance' .9ccurred of a child responding in the 
'Training' stage who did not also respond in his 'Pre-test' stage. 
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Table 5.1 
NUmbers of children completing at least 8 slides during 
the sections of the 'Post-test' (and of the 'Pre-test') 
stage of the Study. 
Experimental Condition T,vpe of Sl ide 
'One-choice' 'Two-choice' 'Three-choice' 'Nonsense' 
"No Sound" 
"Mixed" n = 14 
"Progressive" n = 14 
"Sound" 
"Mixed" n = 11 
"Progressive" n = 13 
10 (+2) 
-0 7 
9 (+1) 
-2 7 
7 (+2) 
-0 5 
7 (+1 ) 
-2 7 
. ~ 
7 (+0) 
-1 5 
6 (+0) 
-3 5 
5 (~) 5 
7 (+2) 
-2 7 
All Conditions n ~ 52 33 (+6) 
-4 26 25 (+3) -6 22 
Table 5.1 shows that, at the end of the Study, 
33 children out of the sample of 52 were responding overtly to the Touch 
Tutor at the criterion used here of having completed at least 8 slides 
unaided. The numbers of children who responded at this level during the 
'post-test' dropped, with only 25 children completing at least 8 three-
choice slides. The effect of the study was not :marked~y to increase the 
numbers of children responding to the Touc~ Tutor; 31 .. children completed 
at least 8 one-choice slides during the 'Pre-test', 28 of whom completed 
at least 8 three-choice slides. In addition, no teaching condition, or 
combination of them affected responsiveness more than any other; for example, 
comparing the numbers of children in the 'Pre-test' in the "No Sound 
Progressive" and in the "Sound Mixed" conditions who completed at least 
8 one-choice slides, which seem quite different, on the Fish~r Test (Siegel, 
1956) the probability o.f obtaining these two frequencies on the basis of 
chance is 0.129. 
These data give a picture of the point of 'minimum 
responsiveness' to the Touch Tutor, but little idea of the nature of the 
'upper reaches' of responsiveness. To remedy this data are given in Tables 
5. 2, 5.3 and 5.4 on two main variables for the 37 children in the sample who 
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made at least 8 responses during one stage of the study. Table 5.2 gives 
information of the total time these children spent in the Mobile Laboratory 
during the whole of the experiment; Table 5.3 shows the number of slides they 
completed during this time; Table 5.4 gives a measure of the 'rate of response' 
of these children by showing the ratios of these two measures. 
Table 5.2 
Total time in minutes spent in the Mobile Laboratory during all 
stages of the stu~y by 37 children 
~erimental Condition 
" No Sound" 
"Mixed" 
"Progressive" 
"Sound" 
"Mixed" 
"Progressive" 
All Condit ions 
n = 10 
n = 11 
n = 7 
n = 9 
n = 37 
Time in minutes 
Mean 
42.80 
41.54 
46.28 
40.20 
42.46 
S.D. 
4.89 
6.40 
15.40 
15·56 
11.25 
Table 5.2 shows that children in each experimental group were willing, 
to stay with the Touch Tutor for over 40 minutes during the experiment. It 
should be remembered that the experimental procedure involved the termination 
of a session by the experimenter after approximately 20 minutes providing that 
the child was responding until that time, so that these data do not represent 
thernaximum time children could have worked upon the machine. They do, however, 
give the reader a numerical indication of the extent of differences between the 
four experimental groups and of the range of children's responsiveness as 
measured by this variable. Similar considerations apply to the next set of 
data. 
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Table 5.B 
Total number of slides completed during all stages of 
the study bf 37 children 
Experimental Condition Number of slides completed 
Mean S.D. 
"No Sound" 
"Mixed" n = 10 173.80 103.10 
"Progressive" n = 11 
"Sound" 
"Mixed" n = 7 158.57 111.68 
"Progressive" n = 9 193.55 87.55 
All Conditions N = 31 98.43 
Table 5.3 is largely self-explanatory; one important feature 
is the variability in the number of slides children completed which it 
revealS. The number of slides completed did, to enhance the clarity of 
the Table,range from under 60 slides completed to over 290, in each of 
the experimental groups. 
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Table 5.4 
The mean number of slides completed for each minute spent in the Mobile 
Laboratory during all stages of the stud.y ('response rate' )by 37 children 
Experimental Condition 
"No Sound" 
"Mixed" 
"Progressive" 
"Sound" 
"Mixed" 
"Progressive" 
All Conditions 
n 10 
n 11 
n 7 
n = 9 
n = 37 
'Response rate' 
Mean S.D. 
4.02 2.41 
2.24 
2.21 
Again, Table 5.4 is self-explanatory. As in the previous Tables, the 
similarity between the four experimental conditions is apparent, with children 
in each responding at a similar average rate. This is interesting not only 
because it was thought that the experimental manipulations might have some 
'psychological' effect on the children but also because there is a marked 
physical difference between the 'No Sound' and 'Sound' conditions in terms 
of the number of slides per minute it was possible to " complete. A child 
responding completely correctly in the 'No Sound' cond~on could complete at 
least three times the number of slides than could a child working in the 
'Sound' condition, due to the length of time the machine took to change 
slides in the two conditions. 
It is impossible at this stage to say that these Tables show that 
children, for example, responded 'well' or 'at a high rate', because we have 
no numerical criterion on which to base such a jUdgement. Therefore we can 
only use the above data as a means of describing, numerically, the children's 
responsiveness during the study, and, of course, for comparing the effects 
of the four experimental conditions. However, it is possible to brighten 
the rather sparse numerical picture so far created by some more personal 
observations of how the children responded. Thus, some children were 
extremely enthusiastic about the machine, showing obvious pleasure when it 
moved or spoke. Others responded more seriously indicating intense concentration 
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by responding steadily to the machine and not engaging in any 'extraneous 
activities'. Other children responded to it, but seemed to prefer to talk 
to E. (although this was not encouraged), to look out of the window, or to 
leave the Mobile Laboratory. Many children, finally, sat listlessly staring 
at the Machine, or p1~ed with some part of it which was not related to the 
Touch panel area - such as the speaker grille or the aluminium surrounds to 
the Touch panels. 
(b) The extent of correct responding (matching to sample). 
A 'correct response' on the Touch Tutor (or, 'matching to 
sample') is defined as a response to the matching stimulus which is the first 
response to the lower, response panels made after the appearance of a slide. 
Whether before this a child responds or does not respond to the Top panel 
of the Touch Tutor, or after it to other response panels, is immaterial, as 
far as the present definition of a 'correct' response goes. (1) 
Few children were matching to sample at the beginning of the 
stu~ and few more were doing so by the end. Table 5.5 shows this by indicating 
the number of children in the 'Post-test' who responded correctly to at least 
8 slides of each choice type. The form of the Table is identical to that 
of Table 5.1; in brackets are shown the numbers of children who showed a 
decrease and those who showed an increase in the correctnessaf responding 
between the 'Pre-test' and the 'Post-test'. The children who were shown 
(1) One must also consider what is to be taken as evidence of 'above-chance' 
responding. On tests in which all slides contain the same number of response 
choices a less stringent 'criterion' level may be accepted than upon tests 
based on mixed one-choice, two-choice and three-choice slides. Thus, the 90% 
level Cleary & Packham adopted for their slide-sequences may be thought too 
stringent for the present purposes. On the other hand it is difficult to 
ensure that children are, in fact, in mastery of the principle of matching 
if too Iowa score be used as criterion. The practice adopted here was to 
use a criterion level of 8 correct responses out of 10, which had a chance 
probability of 0.006· (calculating on the basis of a correct response having a 
chance probability ('p')af 0.333 and an incorrect response having a probability 
('q')af 0.667). Difficulties arise, however, in the calculation of levels for 
two- and one-choice slides, particularly for the former. It could be argued 
that with one blank panel p = q = 0.500, rather than p = 0.333, q = 0.667. 
In these experiments it was noticed that children did touch lighted, blank 
panels; therefore, it was felt legitimate to adopt a criterion level of 8/10 
slides correct for all types of slide. If, however, a case can be made out 
for computing on the basis of p = q = i, 8/10 correct has a probability of 
0.055, which approximates the accepted chance level. 
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in Tables 5.1, 5.2, 5.3 and 5.4 may be assumed to be recorded in Table 5.5; 
for example, the 25 children in Table 5.5 who responded correctly to one-
choice slides in the 'Post-test 'are part of the 33 who completed these slides 
in the 'Post-test'; 8, therefore, responded incorrectly to these slides. 
Table 5.5 
Numbers of children responding correctly to at least 
8 slides during the sections of the 'Post-test' (and 
of the 'Pre-test') stagesd' the stud,y. 
Experimental Condition 'JYpe of Slide 
'One-choice' ''IWo-choice' 'Three-choice' 'Nonsense \ 
"No Sound" 
"Mixed" 
"Progressive" 
"Sound" 
n = 14 
n = 14 
"Mixed" n = 11 
"Progressive" n = 13 
All Conditions 52 
8 (~) 
7 (+2) 
-2 
25 (+7) 
-4 
1 (+1) 
-0 
3 2 (...0) 
-1 
1 2 (~) 
1 
6 
Table 5.5 shows that the majority of children in the sample 
could not match to sample even at the end of the study. Rather more children 
were able to respond correctly to the one-choice slides but nearly half the 
children could not do even this. Performance was not markedly better on 
two-choice than on three-choice slides. The nonsense-shape transfer test had 
a curious effect; two children correctly matched these who had not done so 
with the previous two- and three-choice slides, while three of the remaining 
children matched them equally well, and four did worse on these than on 
previouS matching slides. One final point concerning Tab:e 5.5 which should 
be noted is that no child responded correctly to slides. of a more complex 
0 
0 
3 
2 
5 
choice type than to easier ones, with the exception of the two children noted 
above, and two children who completed 3-choice but not 2-choice slides correctly. 
We shall now turn to a consideration of the second main Aim 
of the Study, namely determining the effects of the four experimental conditions 
upon matching to sample. 
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(c) The effects of the four experimental conditions upon matching 
to sample. 
Inspection of the Tables presented so far will suggest to the 
reader that the four experimental condtions had a similar effect upon 
the children's responding (and, although this was not the prime aim of 
the experimental manipulations, upon the machine's attractiveness 
as defined by the numerical data so far presented). This suggestion 
is borne out by statistical analyses of the data represented in the 
Tables, an example of which has alreaqy been given for Table 5.1. Thus, 
on the Fisher Test there are no differences between the four conditions 
for the data in Table 5.5 which cannot be attributed to chance 
variability; similarly, no significant differences exist between the 
four conditions on the data summarized in Tables 5.2, 5.3 and 5.4 
when analyzed by the most sensitive statistical test appropriate to these 
data - the Kruskal - Wallis One-Way Analysis of Variance (Siegel, 1956) 
_ 1 2 values of approximately 0.60 are obtained, strongly suggesting 
that the data obtained under the four conditions are random samples of th.e 
same populations. It is also the case, incidentally, that no significant 
differences exist between the 'Pre- and 'Post-tests' on these 
measures. 
Thus, the stuqy did not substantiate the hypotheses formulated 
after the Explorator,r Studies about the effects of the four teaching 
conditions. The changes in programme material and in the machine's 
mode of operation did not help children to respond more correctly 
(nether did they lead children to respond more enthusiastically). 
Moreover, the children's experience with the machine did not generally 
increase wither correctness of responding or enthusiasm. 
(d) General Problems arising during the stugy. 
During the stuqy the writer kept note of two facets of the children8s 
behaviour with re· .. ..;>ect to the third Aim of the study, although he 
was unable to keep a detailed record of them. One was the occurrence 
of some of the systematic, incorrect patterns of responding which 
were so noticeable in the initial studies, the other was the probable 
effect of the instruction/introductor,r procedure on how the children 
responded to the machine. 
It did not seem that the experimental manipulations 
contributed significantly to the lessening of the incorrect response 
habits which were present during the initial studies. Throughout the 
fresent study 
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it seemed that children not matching to sample were engaging in tendencies 
to touch all the ,response panels repeatedly until the slide changed in the 
"Sound" experimental condition (and an apparently analogous habit of 
repeatedly touching a panel in the "No Sound" condition which was an 
incorrect choice, and then moving to touch one of the other panels until 
the slide changed), even when the machine had spoken; and in tendencies to 
touch particular positions of the response panel area (such as always the 
right hand panel) when a new slide appeared, irrespective of the stimuli 
displayed. While these seemed the most common patterns of response to the 
Touch Tutor they were not' typical of all the children; some children 
engaged in complex responding which defied understanding after casual 
observation. Neither were idiosyncratic patterns of response limited only 
to those children who were responding incorrectly to certain categories 
of slide - even children correctly matching to sample on two- and three-
choice slides differed in what they did after their correct response and 
in whether they touched the top, stimulus panel. 
What was difficult to see (especially in view of the 
failure of the "No Sound" amendment to eradicate one of these response 
patterns, that of repeatedly touching the panels until the slide changed) 
was how these patterns originated, and what determined their form. Moreover, 
it was difficult to see how they could be overcome. In this respect, knowing 
the probable effect of the instuction/introductory procedure on the children'S 
responding was of importance since it could well be this that was leading 
children into these patterns of responding. On the other hand, a more 
important factor could well be the particular mode of operation of the 
machine. Unfortunately, it was not possible accurately to tell from the 
children's responses during the experiment how far the instruction procedure 
was affecting children's responses. One possibility concerning it, however, 
did arise. The instruction procedure used to 'introduce the machine to the 
children, in consisting of one-choice slides, seemed to be a cognitively 
simpler task than was the final, matching to sample task. It was perfectly 
possible that the children were being 'told' "touch all the pictures and 
make the machine work", which equipped them well for the one-choice slides, 
but did not equip them for the matching slides, for which they needed to be 
'told' - "Touch the pictures which are the same and make the machine work". 
The fact that some children tendedrepeatedly to touch all the pictures on 
the two- and three-choice slides after responding in an ordinary fashion to 
the one-choice slides reinforced this possibility. 
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The three points" raised in this section, viz. incorrect 
response patterns and their significance, the effect of one-choice 
instruction and the effect of touching the top panel first in the 
instruction, remain as unsolved problems at this stage of our stuqy of the 
Touch Tutor. In the 'Discussion' of this stuqy so far we shall examine 
them again in order that further light may be thrown on them; for, 
if the behaviour of the children who responded correctly to one-choice but 
not to the matching slides could be understood more closely, it is possible 
that their matching behaviour could be improved and hence the number of 
children ableio use the Touch Tutor increased. 
Other general problems ariSing during the stuqy related to 
the mechanics of conducting the experiment in the manner intended. The 
Touch Tutor had bouts of breaking down, necessitating returns home for 
repairs, or interruptions in the experiment for repair. Children were 
usually removed to their classroom and brought back later for resumption of 
their session when this happened. Annoying, too, were temporary bouts 
of sickness in the hospital which prevented children from having (on 
occasions) regular training sessions. These types of problems made 
difficulties for the controlled conduct of an experimental stuqy, but it 
is not thought that they substantially affected the results of the stuqy. 
One other problem related to a conflict between whether having a controlled 
stu~ at all was as valid as adaptingtraining conditions to the apparent 
needs of the children; it was decided, in this respect, that only 
fairly controlled conditions would yield data which enabled some measure 
of repeatability to be gained and that this, in the light of the aims 
of the present work, was desirable. 
(iv) Discussion 
The main question ariSing in relation to the description 
of the Sample's responsiveness and correctness of responding obtained from 
the stuqy relates to its accuracy; that is, how far either over- or under-
estimates of these two features of responding have been obtained, perhaps 
as a result of sampling error, perhaps as a result of procedural error. 
Sampling error (at least within the Hospital School 
studied, not insofar as the Hospital School is typical of others) appears 
to be negligible. 10 children, mostly from an 'infant class', were not 
studied. At a later date the teacher of these children and the Head 
teacher were asked independently how they thought these children would 
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have responded to the machine. Their general impression was that they would 
have probably responded poorly to it, making few or no responses; this 
judgement seemed to be based upon the children's responsiveness to other 
educational apparatus which required the child to engage in visuo-motor 
movements for a period of time. On this evidence the children represented 
at best a cross-section of ability, which did not affect the overall 
conclusions as to the numbers of children responding to the Touch Tutor, and 
at worst reduced these proportionate numbers. 
Procedural error affects those children actually studied. 
The teachers of the children were informally asked whether they thought 
that the children who had made few or no responses to the machine were 
usually more co-operative, or responsive. The general impression was that 
these children seemed to have responded much as they did in the classroom, 
when typically it was hard to get them to persevere at apparatus which 
required 'sitting and doing'. More difficult was the teachers' judgement 
of whether those children who had responded, but only for part of the stu~, 
and whether those children who had responded, but incorrectly, to the 
various slides should have done 'better'. They seemed surprised with the 
performance of some children; they al~o thought that perhaps some children 
should have done better. They were unsure why children should have responded 
for only part of the stu~ but pointed out that some children were variable in 
their responsiveness, due to variability in their reaction to drugs, to 
bouts of 'bad temper', or to no obvious reason. On the whole it was 
difficult for the teachers to s~ how far the stu~ was accurate in the 
results obtained with those children who had responded, ,particularly in 
terms of correct matching to sample performance, although their comments 
seemed to suggest that the estimates were not grossly different from what 
they would have expected. The writer came to a similar conclusion in the 
course of spending time subsequently with these children in their classrooms. 
This broad conclusion about the accuracy of the studies 
so far is strengthened (on the variable of matching to sample performance) 
by Fellows' argument that matching to sample is a cognitively complex 
task 'which a young child (4-5 years of age) cannot consistently cope with' 
(1968 , p.10). Many of the children in this sample had mental ages below the 
age of 4 years 6 months which, Fellows argues, is the cut-off point in 
competency in the task. It is difficult to make precise comparisons with 
the results of other studies in this respect, but it is noteworthy that the 
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studies of Weinstein (1941) in the teaching of matching to sample to 
monkeys and to children, and of the studies described earlier in this 
volume, point to the complexity of the task for the mentally young. 
It is similarly difficult to make comparisons between 
this stu~ and others in terms of the variable of the machine's 
attractiveness to the children. The main reason for this is the non 
cross-sectional nature of previous studies with the S.S.N. of their 
performance in educational tasks. Perhaps, however, judgements of the 
validity of the present stu~'s results in this respect are not pressing; 
many of the children did, after all, find the machine attractive enough 
to make responses to it and to continue to do so for several sessions. 
We do not, of course, know how long they would continue to do this. 
It is not intended that these considerations should be 
thought to preclude the possibility that other methods of teaching, or 
combinations of them could have led more children to match to sample, or 
that other alterations of the machine could have made it more attractive. 
However, there does not seem any convincing evidence that other procedures 
than those used here would have measurably, greater effect on either 
matching to sample performance or the extent to which children would find 
the machine attractive for children in general in such a hospital school. 
In addition, some of the procedures which have been used (e.g. the 'fading' 
programme of Hively, and the different machine of Bijou) would entail 
expensive or time-consuming modifications to programme materials or machine, 
while the present ones utilize the present machine and are easily usable 
and adaptable by teachers. 
The main question arising in relation to the Second 
Aim of the Stu~ relates to why there should have been no differences 
between the four teaching conditions in the children's responses to the 
Touch Tutor. 
It is fairly certain that the 'Progressive' amendment was 
ineffective because it was insufficiently progressive. That children 
matched one-choice slides well but did not transfer to two-choice slides 
shows that the transition from one- to two-choice slides should have been 
less abrupt. Some kind of carefully 'faded' series of transition slides, 
such asihat used by Hively (1962), could well have been effective in 
smoothing the transition, although to make an effective series of such 
slides it would be necessary to know the basis on which children were 
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responding correctly to the one-choice slides (were they, for example, 
merely touching the two pictures on the screen without observing their 
nature, or that they were the same?). One other reason for the 
ineffectiveness of the 'Progressive' amendment for the sample of children 
working under this condition as a whole was, of course, that it was 
inappropriate for some of them. It was inappropriate for the children 
who were already matching correctly, and it was inappropriate in a 
different way for the children who were not responding correctly to any 
type of slide. 
It is much more difficult to see why the 'No Sound' 
amendment was ineffective. It had originally been assumed that children 
were finding the slide change more 'rewarding' than the machine's speaking. 
Hence, assuming that children learn better under conditions of reward 
than non-reward they should have learned better when they were rewarded with 
a slide-change for a correct response than when they were rewarded with 
the machine speaking. That this hypothesis was not borne out by the data 
suggests a fault in the reasoning, a fault which may lie in the belief that 
the reward given by the machine would reinforce necessarily the skills 
required by the matching to sample task. If, for example, a child began to 
respond to the machine by touching always the right hand panel upon the 
appearance of a slide, after he had become accustomed to the fact that the 
machine usually operated in some way, the arrangement of the position of 
the correct response alternative on each programme slide would allow him 
to be reinforced in this pattern of responding on a schedule of reinforcement 
which has been shown (Ferster and Skinner, 1957) to be resistant to the 
effects of non-reinforcement (extinction) i.~. a variable ratio schedule. 
The effects of such a schedule of reinforcement, which gives rise to resistance 
to extinction, are to maintain a steady rate of response until the delivery 
of reinforcement. This could explain why children should touch the panels 
repeatedly until reinforcement occurred and why children should continue 
to adopt relatively fixed patterns of responding; the Touch Tutor's mode 
of operation offered no sanction against these and, in fact, served to 
reinforce these patterns of responding, instead of the 'correct' pattern 
of response of matching to sample. This would seem to be a reasonable 
interpretation of the effects of reinforcement upon children not matching 
to sample; we cannot know the extent to which it is an oversimplification 
of their behaviour without conducting a more detailed analysis of children'S 
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behaviour. The interpretation does, of course, leave some things unexplained -
Why, for example, children should continue to touch the panels after the 
machine had spoken in the 'Sound' condition, and why they should develop 
a habit of touching always the right hand panel on the appearance of a new 
slide - but discussion of these can be postponed until later. 
With relation to the third aim of the stuqy, it appeared 
that further information in respect of: the probable effects of the 
1nstruction and introductory procedure on the children's responding to the 
Touch Tutor, and on the particular patterns of incorrect responding which 
appeared in some of the children, would be desirable. Elucidation of these 
features of this first Stuqy would seem to be valuable not only because 
they represent interesting aspects of the children's performance in their own 
right, but also because further knowledge of these aspects might help 'increase 
the effectiveness of the Touch Tutor as a teaching device. 
There is reason to suppose that the particular form of 
the introductory instructions given to the children about the machine 
in some measure determined the form of their incorrect response patterns 
over and above the obvious one of (were such instruction completely effective 
in giving rise to matching to sample immediately) eliminating their 
appearance. Therefore, a consideration of the effects of these instructions 
is relevant to a consideration of the response patterns themselves. 
Turning now to these, it will be apparent to the reader 
that such patterns have appeared in many of the studies we have so far 
discussed in this volume but that they have been afforded little attention. 
That they appear to be a fundamental feature of some children's behaviour 
on such machines suggests that they are of great relevance to the children's 
operation of these machines and, because of this, deserve more detailed 
attention. Therefore, a brief digression will be made infue present 
work to encompass these incorrect response patterns, in order that further 
light may be thrown upon them. Stuqying them in relation to the effects 
of the Instruction procedure used in the first Stuqy, two broad problems 
deserve discussion. Firstly, how far the instruction procedure succeeds in 
its aim of encouraging correct matching to sample behaviour. Secondly, 
how far this procedure causes certain incorrect response patterns to arise 
and to determine their form. In stuqying these two broad problems, one 
would hope that some light may be thrown on the possible complexity of these 
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patterns both in and between children, on the nature of their origin, and 
upon something of their significance in relation to the children's cognitive 
functioning. Finally, it is possible that stu~ of these patterns could 
represent an aspect of the wider stu~ of problem solving by S.S.N. children; 
they would seem to be representative of certain strategies of problem solving 
apparently ignored by the workers with teaching mafchines who have noted them 
so far and who have regarded them as indicative merely of deficiencies in the 
effectiveness of their teaching procedures. It is, after all, rare in the 
lives of these children for carefully programmed problems to come their way; 
more often, the onus is on them to solve problems. An argument may thus be 
made for greater attention to be paid to the stu~ of problem solving 
strategies. 
(v) Conclusions 
~e studies of the Touch Tutor in a submormality hospital 
school reported in this chapter have enabled a picture to be formed of the 
ways in which a cross-section of S.S.N. children respond to a matching to 
sample machine of the Touch Tutor's design. Approximately 11% of the 
hospital school responded to the Touch Tutor during som~-part of the studies, 
while approximately 50% of the children responded to it consistently 
throughout the stu~. In some respects, as we have seen, these numbers are 
meaningless for they reflect an arbitrary numerical measure of the extent to 
which the children found the machine attractive, and they were obtained 
during a period of time which for some children may have been too short and 
for others too long. Nevertheless this kind of data offers the possibility 
of beginning an evaluation to be made about the usefulness of the Touch Tutor 
in a hospital schoo~ 
Similar considerations apply to the estimates obtained of 
the numbers of children who could respond correctly to the various types 
of slides displayed on the machine. After the children's experience with 
the machine in different modes, approximately 19~ of children could match 
to sample to the required minimum level of performance, indicating that 
they had mastered the principle of the machine's mode of operation. 29,% 
were able to operate the machine correctly when only pictures requiring no 
matching to sample were shown and the remaining children responded correctly 
to no pictures consistently (52%). 
As far as could be determined these estimates of the 
numbers of children finding the Touch Tutor attractive, and able to use it, 
were reasonably valid. It was not thought that the numbers could ma~kedly 
be increased by alternative methods, but the possibility of this ~ 
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was not precluded. 
It did not appear that changing the machine's mode 
of operation or the way in which the programme slides were arranged, in 
the ways done in the present study, markedly affected the extent to which 
children were able to match to sample (or the extent to which they found 
the machine attractive). Looking at the reasons why these amendments, 
which had seemed originally to be worthwhile, should have been unsuccessful, 
it appeared that insufficient account had been taken of the complexity 
of the matching to sample task and of the children's behaviour-with the 
result that the amendments were not having any impact upon the behaviours 
necessary for the successful execution of the task. The reinforcement 
offered by the Touch Tutor seemed to be interacting with particular 
response patterns adopted by some of the children so that rather than the 
skills of matching to sample receiving encouragement, a variety of 
incorrect patternsaf response were apparently being strengthened. 
Unsolved problems appeared during the study with 
respect to the incorrect response patterns adopted by some of the 
children, and with respect to the effects of the instruction procedure 
used to introduce children to the machine at the beginning of the study. 
It was thought that further information on these aspects would enable 
more informed discussion of them to be made. The value of such 
discussion could well be that the effectiveness of the Touch Tutor's 
mode of operation and of the instructions used to introduce children 
to it could be increased. If this did not occur, such discussion would 
provide valuable insight into the behaviour of children in what in 
some ways m~ be regarded as a 'problem solving' task. 
At the end of this first study of the Touch Tutor's 
use with a cross-section of S.S.N. children it appears that we have 
obtained a reasonably valid indication of the numbers of children who 
find the Touch Tutor attractive, and are able to use it, know something 
of the problems of increasing these numbers, and have an idea of some .•. 
of the general problems in its use with these children. The most 
immediate and pressing problem facing us now is not so much a need for 
research and other aspects of our Evaluation, but rather to clear up 
some of the problems raised by our studies so far. It would seem that 
an extension of the present study could be profitable it it were aimed 
at clarifying the problems relating to instructions and to response 
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patterns which have arisen in the present stu~. Possible 'spin-off' 
from such stu~ might well be that a more complete picture of the extent 
of children's enthusiasm and correct use of the machine could be gained. 
In the next two Chapters the stu~ which was conducted 
on the basis of these considerations will be described ("Experiment 2"), 
together with a stu~ ("Experiment 3") conducted with a different sample 
of S.S.N. children as a replication of Experiments I and 2. The plan 
adopted for presenting these studies will be to describe , in Chapter 6, 
data from both of them which extends the findings of this Chapter in 
relation to the attractiveness of the Touch Tutor, to ease of matching 
to sample, and to the problem of teaching matching to sample; and to 
describe, in Chapter 7, data from the two studies which bears upon 
the effects of the instruction introductory procedure upon children's 
responding and upon response patterns. The reason for separating these 
discussions is that the complexity of the analyses of these two broad 
aspects of the data fall on two different planes. 
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CHAPrER 6 : EXTENSIONS TO EXPERIMENT 1 (EXPERIMENTS 
"2", "2a"! and "3".) 
(1) IntlOduction 
Itlwas concluded from the results of Experiment 1 
that a fair estimate had been gained of the numbers of children who 
wanted to and were able to use the Touch Tutor and of some of the 
general features of its use with such children. These estimates were, 
however, based upon children working with the Touch Tutor over a small 
number of sessions, upon data obtained after introductory instructions 
based upon one-choice slides, and upon only one sample of children. 
This Chapter presents data which is intended to go some way towards 
reducing these limitations of Experiment 1. Three pieces of experimental 
work are described in the course of the Chapter. The first ("Experiment 
2") concerns the effect, firstly, of continued training (combinations 
of 'instruction' and 'practice' sessions) with the Touch Tutor upon the 
responses of children who, in Experiment 1, responded correctly only to 
one-choice slides and, secondly, the effect of giving these children 
introductory instructions with one-choice and two-choice slides. A 
study of young normal children is described here ("Experiment 2a"), 
having been performed, princirally, to clarify the second aspect of 
Experiment 2 (it provided, also, the possibility of contrasting the 
responding of S.S.N. children to the Touch Tutor with that of a group 
of normal children, some of whom were equivalent in matching to sample 
performance to some of the S.S.N. children; a discussion of the relevant 
data for this is given in Chapter 7). Experiment 3 is intended as a 
partial replication of Experiment 1, providing data on the responses of 
a different sample of S.S.N. children. (1) 
(1) The reader will recall that this Chapter is primarily intended 
to furnish data which will help to increase the accuraqy of the 
description of children's responding to the Touch TUtor provided by 
the previous Chapter. Accordingly it is a description of the main 
features of the data obtained during Experiments 2, 2a, and 3; 
more detailed consideration of the data from these Experiments will 
be made in the next Chapter in relation to the problem of 'response 
patterns'. 
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(2) Experiment 2 
(i) Introduction 
The aims of Experiment 2 were broadly similar to those 
ofEzperiment 1; specifically they were, firstly, to consider what changes 
in the attractiveness of the Touch Tutor to the Chi1dren~~~ matching 
to sample performance might take place over further sessions with the 
machine and, secondly, to consider whether any change in matching to 
sample performance might ensue from instruction to the children based 
upon two-choice, rather than upon one-choice, slides. 
(ii) Method 
(a) Subjects 
14 of the children (one was no longer available, having 
left the Hospital) who had responded correctly to the one-choice slides 
in the Post-test of Experiment 1 acted as subjects. Four of them had 
obtained scores on the W.I.S.C., W.P.P.S.I., or Stanford-Binet tests 
of intelligence which indicated that their Mental Ages were above 4t 
years; the remaining children had either achieved scores putting their 
Mental Ages well below 4~ years or had performed in such a way on these 
tests that measures of their Mental Ages from them had not been possible. 
The Chronological Ages of the 14 children ranged from 11 to 19 years 
at the time of testing, median 13t years. This information is given in 
more detail, for individual children, in Appendix 2. 
(b) Experimental Design 
The aims of the Experiment included assessing 'the effect 
upon matching to sample performance of introducing children to the 
machine with two-choice rather than with one-choice slides and noting 
changes in matching to sample and in the 'attractiveness' of the machine 
which might take place over an extended period of experience with it. 
A design which would: prqvide information upon these problems was one 
in which two groups of children would work upon the Touch Tutor over 
five sessions, at the beginning of which one group would receive an 
Introductory procedure in which one-choice slides would be used and 
in which the other group would receive such a procedure in which two-
choice slides would be used. The potential effectiveness of these 
procedures would be enhanced if each session began with such Introduction. 
Accordingly, since the number of children was small, 
two matched groups of subjects were formed by ranking children in terms 
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of the number of one-choice and two-choice slides they had completed 
during Experiment 1, forming them into matched pairs, and allocating 
pair-members randomly to the two experimental groups. The groups 
were checked for equality in terms of Chronological Age and allocation 
to previous experimental groups, and were comparable (see Appendix 2). 
In the course of the Experiment most children then 
worked through five sessions (there were unavoidable exceptions) with 
the Touch Tutor, in each of which each child received twenty 'Intro-
ductory' slides comprising either one-choice or two-choice slides, 
followed by a 'Practice' series of 36 two-choice slides(1) to complete 
himself. 
(c) Touch Tutor, Experimental Laboratory and Programme 
Materials 
No justification was seen for retaining the 'No Sound' 
mode of operation of the Touch Tutor, since it neiher represented the 
customary mode of operation of the Touch Tutor nor had seemed to cause 
anyfUndamental difference to the way children had responded to the machine. 
The Touch Tutor therefore remained in the 'Sound' mode of operation for 
the entire Study. 
The Mobile Laboratory was again used for the conduct of 
the studies; the only change in its interior appearance was the removal 
of the one-way mirror to make room for the camera lens used for the 
recording of children's responses (see Chapter 7). As far as possible 
the lens itself was disguised by a black curtain draped around the 
body of the lens. The videotape recording apparatus was situated in the 
Experimenter's compartment of the Laboratory. Noise from it was scarcely 
audible in the child's compartment. 
There seemed no reason for changing from the black and 
white figures used in Experiment 1 and they were retained. Attention 
to the presentation of the slides was, however, required in order that 
analysis of the children's response patterns could be made. A full 
account of the rationale for their presentation is given in Chapter 7; 
(1) The use of two-choice rather than three-choice slides, and the 
use of a set of 36 slides in each se~sion, were due to the necessity 
of having explicit conditions for the study of 'response patterns' 
(see Chapter 7). 
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suffice it here to note that the slides were prepared in such a w~ that 
no known pattern of responding other than correct responding was likely 
to yield a significantly above- or below-chance score, but that instead 
of random allocation of response and stimulus positions by random 
numbers to the slides a pre-determined sequence designed by Fellows 
(1967) was adopted, with slight modifications. 
(d) Instructions to the children 
In the 'One-Choice' Instruction condition children 
received instructions which were similar to those used in Experiment 1. 
However, the cartoon figure of a dog was replaced by one-choice pictures 
of the black and white pdctures of a man, house, chair, hand, clock and 
car. 
In the 'Two-Choice' Instruction condition children saw 
twenty two-choice slides in which the centre panel of the response panels 
was alw~s blanked-off and in which the correct response and incorrect 
response stimuli were always the same figures, and in the same positions, 
as on the corresponding number of slide in the 'One-Choice' condition. 
Slides were, as in the 'One-Choice' condition, arranged in a similar 
way to those in the sequence of the 36 slides used in the main bo~ 
of the Experiment with respect to controls for stimulus- and response-
preferences. 
In both Instruction conditions E. would touch the top 
and then the correct bottom panel on each slide slowly and distinctly 
for the first ten slides. In general, his finger would rest on each 
panel for arproximately one second, as in Experiment 1. The exact 
time was, however, determined (unlike Experiment 1) by the time the 
machine took to speak, with E. removing his finger from the response 
panel as the machine began to speak. After these demonstration slides 
E. allowed children in the 'One-Choice' group to respond alone to ten 
one-choice slides and took the hand of children in the 'Two-Choice' 
group, gently guiding their index fingers to the top and correct bottom 
pictures of each of ten, two-choice Slides. The purpose of this was 
to equate the Groups in terms of the number of reinforcements they had 
received during the twenty, introductory slides. 
At the end of the Instruction period of 20 slides at 
the beginning of each session, E. said to the children in both Groups: 
"Now you do it by yourself. Touch the pictures and make it speak." 
The children were then left to finish the remaining 36 slides by 
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themselves, with E. sitting behind and to the side of them in the 
Mobile Laboratory, as in Experiment 1. 
(e) Procedure 
The general procedure of the Experiment was similar 
to that of Experiment 1. Children were brought to the Mobile Laboratory, 
given the Instruction procedure and watched by E. while the slides were 
completed. The main departure from the procedure of Experiment 1 was 
in the use of Prompts. In Experiment 2 children were allowed only 
thirty seconds of no responding before a prompt was given, and this 
was repeated as often as necessary until the 36 slides had been completed. 
Prompts were always the same: "Go on, touch the pictures and make it 
speak" and other talking to the children was avoided by E. as much as 
possible. In general, children worked well, requiring few prompts. 
The Experiment was conducted during the months of 
! 
July, August and September, 1970 - approximately, 6 months after the 
end of Experiment 1. 
(iii) Results 
(a) General Features 
During the course of the Experiment several children 
became 'ill', an outbreak of dysentery occurred and some children 
left the hospital. These occurrences, together with holi~B, 
necessitated the uneven administration of experimental sessions and 
the loss of some children from the Experiment. The effect of these 
events is to be seen in Table 6.1, which shows subject-losses from 
the Experiment and the intervals between sessions. Session -numbers 
relate to actual days; thus Sessions '6 and 7 were days on which subjects 
were given additional sessions to complete their 'quota' of five. 
Table 6.1 indicates that only 10 subjects comp~ed five sessions, 
one subject having four sessions, two three sessions, one having 
one session and one completing no sessions. 
(b) The Touch Tutor's 'attractiveness' 
Children worked well on the Touch Tutor during the 
Experiment with only one child failing to work on the machine at all. 
This one child completed no more than two or three slides during the 
first three sessions and was thereafter 'discontinued'. 
,Table 6.1 
Subject Losses During the Sessions of Experiment 2 
Time between 
Sessions 
Session 
Sub.iect 
M.W. 
J.B. 
V.W. 
P.D. 
J.H. 
1 
4 hours 1 we.ek....7 weeks .. 1 week 1week 1 week 
2 3 4 5 6 
~gged i07.v 
refused 
to come t< 
van 
7 
H.H. ver~ ba ditto ill 
temper 
over .. 
S.E. active & ditto ditto discontinued 
non-co-op 
erative 
A.E. 
S.H. 
left 
hospital 
:r.1.J. ill ill ill discontinuad 
H.D. 
D.P. 
M.K. 
D.C. 
Table 6.2 gives summary data for the groups of children 
in terms of the total time children spent working on the machine during 
the 36 slides of each session they completed alone. The total time 
spent in the Mobile Laboratory may be fairly accurately estimated by 
adding 75 seconds (for the initial ten demonstration slides) and either 
a further 75 for the ten, two-choice slides or 90 seconds (plus or 
minus about 30 seconds) for the ten, one-choice slides to the times 
given in the Table. This adds, therefore, approximately three minutes 
to each child's time for 36 slides, to give the time spent in the 
Mobile Laboratory during each session. 
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Table 6.2(1) 
Time {in minutes and seconds} taken b;y: children to 
complete 36 slides during five sessions 
Session 2 3 4 5 All Sessions 
'One- Mean 6-02 6-18 5-45 5-20 5-09 5-44 
Choice' S.D. 1-45 2-04 1-11 0-41 0-31 1-21 
Instruc-
tion. n. 6 6 6 6 5 29 
'Two- Mean 4-53 4-45 5-15 4-55 4-41 4-54 
Choice' S.D. 0-31 0-25 1-36 0-31 0-23 0-42 
Instruc-
tion. n. 1 6 6 5 5 29 
Both Mean 5-24 5-31 5-29 5-09 5-19 5-19 
Groups. S.D. 1-24 1-45 1-09 0-41 0-31 1-13 
n. 13 12 12 11 10 58 
Table 6.2 indicates the approximately similar leng1h 
of mean times over the sessions and between Groups with, however, 
an initial tendency for the 'One-Choice' Instruction Group to have 
a longer session time than the 'Two-Choice' Group (this does not, 
however, reach significance; applying the Mann-Whitney Test, 'U' = 
11, p. = 0.18 (two-tailed» and an initially higher variance 
(F = 8.05 p. ~O.01). These differen~es reduce somewhat by 
max f 
Session 5, however, so that both mean times and their associated 
variances are similr for both groups by this ~ime. 
During the Experiment some prompts were given but these 
were generally few in number. Only two children received more than 
two prompts in the whole of the EXperiment, one received four in his 
first and only session, and the other receiving three in his second 
(1) In this and in subsequent Tables relating to this Experiment the 
data for Sessions 4, 5 and 6 of the two subjects who missed Session 3 
only, have been moved forward one session. 
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session, eight in his third session and ten in the first 10 (of 
the series of 36) slides of his fifth session. 
It would therefore seem that the Touch Tutor 
remained attractive to children, in that the majority of those studied 
were able to continue working with the machine alone over a total period 
of five sessions of approximately five minutes in length, with no 
prompts, during which they completed 180 slides. In addition, they 
each remined with the machine for a period of approximately three 
minutes of Instruction at the beginning of each session. The fact 
that no increase either in time or in the number of prompts required 
'by children occurred for the Groups as a whole during the" Experiment 
also suggests that the Touch Tutor remained 'attractive' over the 
course of the Experiment. 
Calculation of the 'response rate' of children is 
largely unnecessary for these data, since a knowledge of session times 
is an index of ~s variable. To aid comparison with Experiment 1, 
however, it is helpful to know what the response rates were. Table 
6.3 shows these by indicating the transformation of the data of Table 
6.2 into 'slides completed per o";minute'. 
Table 6.3 
Mean number of slides com121eted in each minute s12ent 
working on 36 slides ( 'response rate') during 5 sessions 
Session 1 2 3 4 5 All Sessions 
'One- Mean 6.39 6.28 6.53 6.86 7.06 6.61 
Choice' S.D. 1.50 1.72 1.30 0.87 0·74 1.33 
Instruct ion n 6 6 6 6 5 29 
'Two- Mean 7.49 7.65 7.08 7.42 7.75 7.47 
Choice' S.D. 0.89 0.64 1.14 0.82 0.58 0.88 
Instruct ion n 7 6 6 5 5 29 
Both Mean 6.98 6.96 6.81 7.11 7.40 7.04 
Groups S.D. 1.34 1.47 1.25 0.89 0.75 1.21 
n 13 12 12 11 10 58 
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These data represent a high rate of responding, both 
in comparison to the mean rates of Experiment 1 and in relation to 
the mode of operation of the machine. With respect to the latter, it 
is necessary to remember that the absolute maximum number of slides 
Wich it is possible to complete in a minute is approximately nine ~ 1) • 
A child completing 7 in a minute is only using approximately 2 seconds 
per slide for 'decision time', some of which would (hopefully) be 
involved in responding overtly to the upper stimulus panel of the 
machine. A high response rate can, however, be misleading; the 
children with the highest mean response rates over the five sessions 
(8.42 and 8.36) were vast ly diff erent . in the ir manner of re sponding to 
the machine. Whereas the latter responded quickly and systematically 
in the manner demonstrated by E., the former repeated17· touched the 
right hand panel of the machine, tapping it with his finger whenever 
the machine did not speak •. 
(c) The EXtent of correct responding ('matching to sample') 
Table 6.4 indicates the number of slides correctly 
completed by individual children during the first ten slides (slides 
'21 - 30') and the. last ten slides (slides '41 - 5~ of each session. 
All children who completed a session in the 'One-Choice' Instruction 
condition scored at least 8 out of 10 slides correct during the initial 
Instruction period of that session. 
It is apparent that at the beginning of the Experiment 
4 children were correctly matching to sample on these two-choice 
slides, who had not been doing so at the close of Experiment 1. During 
the Experiment these children maintained this level of performance, 
although two of them (J.H. and V.W.) did not do this systematically. 
At the close of the Experiment a further two children (J.B. and P.D.) 
had reached criterion. 
(1) Assuming that a slide-change takes approximately 6··50 seconds, 
from the moment the response panels are touched until they once 
more become sensitive on the next slide. 
-125-
Table 6.4 
Number of slides correct1Y completed by individual children in the first 
(21-30) and the last (Slides 47-56) ten slides of five sessions. 
Slides I 21-30 47-56 21-30 47-56 21-30 47-56 21-30 47-56 21-30 47-56 
One-choice Instruction 
M.W. 4 5 4 5 4 5 4 5 4 5 
J.B. 6 6 5 7 8 10 6 8 8 10 
V.W. 8 7 9 10 7 7 9 10 10 9 
P.D. 4 6 3 7 8 10 10 9 10 10 
J.H. 9 9 5 8 10 9 8 9 5 10 
H.H. 7 6 6 4 6 5 5 3 
S.E. 
No. reaching 
criterion: 2 1 1 2 3 3 3 4 3 4 
Two-choice Instruction 
A.E. 10 10 9 9 9 6 9 10 10 10 
S.H. 6 6 3 5 7 6 
M.J. 5 4 
H.D. 6 4 6 4 5 2 6 3 5 7 
D.P. 3 5 4 5 3 5 4 5 4 5 
M.K. 7 5 6 5 6 5 6 5 6 5 
D.C. 10 10 10 10 10 10 10 10 10 10 
No. reaching 
criterion: 2 2 2 2 2 1 2 2 2 2 
Total: 4 3 3 4 5 4 5 6 5 6 
The combined instruction and practice periods were not 
effective in promoting correct responding in the remaining children, 
and there appeared to be no difference between the two conditions 
of instruction in this effectiveness. 
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(d) Effects of the two experimental conditions 
upon matching to sample 
We have alrea~ seen that there was little difference 
between the two experimental conditions in the data of Table 6.4. 
A similar picture~erges from a consideration of the number of slides 
correctly completed during each session, as Table 6.5 reveals. 
Table 6.:2 
Number of slides correctl~ comEleted b~ children 
during five sessions 
Session 1 2 3 4 5 All Sessions 
'One-Choice' Mean 22.17 22.00 27.00 26.17 29.80 25.28 
Instruction S.D. 3.87 4.65 6.16 7.95 6.24 6.60 
n. 6 6 6 6 5 29 
'Two-Choice' Mean 22.14 23.83 22.50 24.60 25.40 23.55 
Instruction S.D. 8.25 7.99 8.04 8.16 8.28 8.24 
n. 7 6 6 5 5 29 
Table 6.5 shows that the two Groups began the Experiment 
with almost identical numbers. of mean slides correctly completed. As 
the Experiment proceeded, the numbers of slides correctly completed 
by the 'One-Choice' Group exceeded those of the 'Two-Choice' Group, 
but this difference was not statistically significant. Thus, the 
largest·difference seems to lie in the data from Session 3; when 
these data were analysed, however by the Mann-Whitney 'U' Test, the 
probability of this being due to chance was 0.24 (2 tailed). B,y 
Session 5 the difference had lessened between the two Groups; these 
data gave rise to a 'U' of 11 (p. = 0.84, 2 tailed). 
The variances of the data of the two groups show a 
significant difference in Session 1 (Fmax = 47~4, p. <0.05) but this 
difference reduces to non-significance in the remaining sessions, 
and over all sessions. 
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(iv) Discussion 
Subject-losses were again a problem in this Experiment. 
To the extent that there remained in the Experiment a number of children 
matching to sample and a number not matching, there are grounds for 
supposing that the sample of 10 children who participated in the whole 
of the Experiment were representative of the sample of 14 who began it; 
there still remains the possibility, however, that subject losses 
rendered the task of strict comparison of the two experimental Groups 
an impossible one to perform. 
Measurements of the variable of the Touch Tutor's 
'attractiveness' have been extended by this Experiment to supply 
more detailed information on the responding of children to the Touch 
Tutor. Children in this Experiment were willing to continue work with 
the Touch Tutor over a further five short sessions, responding at a 
high rate both in comparison to the mean rates of Experiment 1 and in 
comparison t~ the maximum possible response rate. Only one child 
showed 'boredom', if one is to judge by the number of prompts needed 
to maintain responding. Thus, these were generally few in number with 
only one child requiring them in any number. 
As in Experiment 1, it seemed that the experimental 
manipulations were largely ineffective in controlling matching to sample 
behaviour, in that no marked changes in the extent of this were apparent 
either over sessions or between experimental conditions. It is, 
however, heartening that two children acquired the matching principle 
in the course of the Experiment and that mastery of the principle 
had developed in 2 children and a 'good grasp' of it in a f~rther two 
children, since Experiment 1. Why the experimental manipulations should 
have been ineffective is difficult to say. Some light may be thrown on the 
question, however, when the responding of the children in this'Experiment 
is analyzed more fully in Chapter 7. This analysis will reveal the 
tremendous complexity of the responding of these S.S.N. children to 
the Touch Tutor and it may be that this complexity is by itself the 
main reason for the continuing ineffectiveness of single instruction 
procedures to affect more than a small porportion of children in a 
hospital school sample such as that from which children have so far been 
drawn. However, one other consideration which must be made concerns 
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the extent to which subject losses and the prior experimental experience 
of the subjects could have affected the results. The former of these 
meant that the original matched composition of the Groups disappeared, 
while the latter could have rendered the Subjects insensitive to the 
different conditions of Instruction. These difficulties are particularly 
important for a consideration of the comparison of 'One-Choice' and 
'TWo-Choice' Instruction conditions. 
(v) Conclusions 
This Experiment has shown the Touch Tutor being used 
over a longer period of time than that occupied by Experiment 1, during 
which children worked at what appeared to be a 'high' rate of responding 
and during which the number of children able to use the machine was slightly 
increased by the use of non-verbal instructions and 'practice'. Still, 
however, the experimental manipulations of the Experiment did not 
succeed in establishing matching in some children. The Experiment 
suggested that 'Two-Choice' Instruction was no more effective in 
encouraging matching to sample than 'One-Choice' Instruction, but the 
possibility arose that an invalid comparison had been made. 
(3) Experiment 2a 
(i) Introduction 
'This brief Experiment was conducted with the aim of 
determining, with a 'na1ve' sample of children, whether any difference 
could be seen between 'One-Choice' and 'Two-Choice' Instruction conditions 
in teaching matching to sample. The Experiment may be seen, therefore, 
as arising directly out of the problem of subject-losses and the problem 
of prior experimental experience which arose in Experiment 2. 
A group of normal, primary school children were used 
for the Experiment because they were readily accessible as a relatively 
, large group, of homogeneous ability, because they would possibly have 
been more susceptible to 'misleading' instructions and because they 
would provide a helpful contrast to the samples of S.S.N. children 
in their manner of responding to the Touch Tutor if, as the work 
of Fellows (~. cit.) suggested, roughly half of them would fail 
immediately to acquire the principle of matching to sample. 
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(ii) Method 
The general Method of the Experiment was identical 
to that of Experiment 2, only the composition of the subjects being 
different. 
27 normal primary school children who had attended 
the first class of a local primary school ('Flaxley' School) for two 
months at the time of testing were allocated randomly to two experimental 
groups. Two of these children were absent during part of the Experiment, 
so that 25 children took part in all stages of it and who thus provided 
the data upon which the Results are based. 
Over a period of 4 ~s children were allowed to work 
on the Touch Tutor over one experimental session, during which they 
received identicaltreatment to the subjects in Experiment 2, with respect 
to experimental procedure. Children who had not learned to match to 
sample by the end of their first session were given one further session; 
in all other respects the Procedure was identical to that of Experiment 
2. The Experiment took place during the month of October, 1970. 
(iii) Results 
(a) General Features 
All children responded well to the Touch Tutor showing 
no lack of enthusiasm for working on it. With regard to correct 
responding, during the last ten slides of each child's work with the 
machine, 9 children were not matching to sample at the criterion level 
of 8 out of 10 slides correct, with strong position habits characterizing 
their performance. All children in the 'One-Choice' Instruction Group 
responded correctly, at criterion level, to the one-choice slides. 
Children given a second session showed essentially no change in 
performance during the session. 
(b) The effect of the two experimental conditions upon matching 
to sample. 
Table 6.6 shows details of the matching to sample 
performance of the two experimental groups. Both medians and means 
are used as indicators of central tendency in the Table, since subjects 
tended to score either 18 or 36 slides correct. It will be remembered 
that no child showed marked improvement or deterioration in matching 
performance as the Experiment proceeded. 
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Table 6.6 
Matching to sample in normal children under two conditions 
of Instruction 
'One-Choice' 
Instruct ion 
'Two-Choice' 
Instruct ion 
'One-Choice' 
Instruct ion 
'Two-Choice' 
Instruction 
Correct responses in 36 slides during Session 1 
Mean 21·93 Median 34.50 
S.D. 8.01 Q. 8.10 
n. 14 
Mean 30.64 Median = 34.00 
S.D. 6.93 Q = 9.10 
n. 11 
No. at criterion in Slides 41-26 
Session 1 Session 2 
2c. 8 
1 c. 6 6 
2c. 8 
1 c. 3 3 
Key: '1c.' = one-choice slides; '2c.' = two-choice slides. 
'Q' = Semi-interquartile range. 
Table 6.6 indicates that correct responding was approximately 
equal in these normal children under the two conditions of Instruction 
both in terms of the number of correct responses made during Session 1 
and in terms of the number of children who had reached criterion by 
the end of Session 1. It will be remembered that little change in 
performance was apparent during children's second sessions. Application 
of the Median Test to these data for Session 1 gave rise to):2 = 0.0015 (N. S.). ' 
(iv) Discussion and Conclusions 
Some doubt as to the validity of the results is raised 
,by the loss of two children (through absence) from the 'Two-Choice' 
Group. This doubt may be dispelled, however, by conSidering the two 
possible effects the behaviour of the children could have had on the 
results. Either the children could both have scored above the combined 
median of the two Groups (the basic statistic for the computation of 
the Median Test) or both could have scored below it. Since apprOXimately 
equal number,S of children in both Groups achieved scores above and below 
the combined median, neither of these occurrences would have markedly 
affected the outcome of the Median Test. 
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The Experiment would seem to suggest, therefore, that the use 
of one-choice and two-Choice slides as the basis for initial instruction 
in mat Ch ing to sampl e, as th ey were used in th is Experiment, had a 
similar effect on the number of Children matching to sample on the Touch 
Tutor. The Experiment lends weight to the results of Experiment 2, 
whiCh also suggested that the two conditions of Instruction were similar 
in effect. 
Before leaving the Experiment it m~ be valuable to comment 
briefly upon the responses of these normal Children to the TouCh 
Tutor in terms of their similarity to the responses of S.S.N. Children 
on the maChine. 
In terms of the extent of matching to sample, the normal 
children were broadly similar to the sample of S.S.N. Children studied 
in Experiments 1 and 2, provided that those S.S.N. children who did not 
reach criterion upon one-choice slides are excluded from consideration. 
Thus, at the end of the Experiment, a number of normal children were 
not matching to sample but were responding correctly to one-Choice 
slides only, just as had occurred (albeit in different proportions 
of the sample) with the S.S.N. children in Experiments 1 and 2. 
It is, therefore, possible to imagine the formation of a group of 13 
normal children (consisting of 9 Children responding correctly to one-
choice slides only, and 4 children matChing to sample who had been drawn 
at random from the remaining Children) who, in matChing to sample 
performance (i.e. number of correct responses made), would be similar 
to the children who began Experiment 2. 
Although, however, these children would be similar in terms 
of the extent of correct responding, they would be dissimilar with 
respect to the complexity of their behaviour. It was noticeable in 
Experiments 1 and 2 that S.S.N. children tended to show more intIQ.-
and inter- subject variability than did the normal children in their 
responding and that they tended to engage in more complex responding. 
As an example of the latter, it was noted that the majority of the 
normal Children tended to respond to the TouCh Tutor only at the 
beginning of a slide. Many of the S.S.N. Children, however, contined 
to respond to the panels of the machine until the slide changed. A 
similar 'complexity' was noticeable in other aspects of responding -
such as in patterns of response made to the lower panels on the first 
response of a slide and to the Top panels of the machine. It is true 
that such an apparent difference between the two Samples of children could 
be due to the S.S.N. <hil.drm's familiarity with the Touch Tutor; as we shall 
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see in Chapter 7, however, similar findings occurred with respect to 
the sample of S.S.N. children from the 'Redoourt' school, Who had not' 
experienced the Touch Tutor before measurements of their responding had 
been taken. 
This difference between the sample of children in terms of the 
complexity of children's responding is not only interesting per ~, but 
it provides the possibility of playing down the role of Instructions 
in the creation of response patterns, particularly that pattern noticed 
in Experiment 1 Which involved the touching of all the pictures displayed 
upon the screen of the Touch Tutor on any one slide. It is possible, 
therefore, that the exact form of Instructions used may be of less 
importance in the generation of response patterns than organismic 
factors associated with these severely subnormal children. 
In conclusion, the present Experiment has suggested that 
instruction in matching to sample may be equally effectively carried out 
with either one- or two-choice slides. An observed simplicity in the 
responding of normal children performing correctly at a similar level 
to·S.S.N. children in the Experiment has offered the possibility of 
speoulating about the importance of Instructions in determining the 
exact form of response patterns in S.S.N. children, and it has been 
suggested that they may be of less importance than other organismic 
cariables associated with severe subnormality. 
(4) Experiment 3 
(i) Introduction 
Experiments 1 and 2 have yielded informtion about the 
responses of S.S.N. children to the Touch Tutor based upon only 
one sample of children. Experiment 3 was designed to minimize this 
limitation by providing data obtained from a different sample of such 
children. Prior to a stuqy of the Touch Tutor in a classroom setting 
(see Chapter 8) children from a residential hostel ('Redcourt') were 
studied while ., they worked on the Touch Tutor over two experimental 
sessions in the Mobile Laboratory. During that time they received 
similar treatment to that Which children in the 'One-Choice' Instruction 
Group received in Experiment 2. 
(ii) Method 
23 of the 26 children (three were on holiday) who 
attended daily the school of the 'Redcourt' hostel were e~ch given the 
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opportunity to work with the Touch Tutor for two sessions in a manner 
identical to that adopted for the conduct of the 'One-Choice' Instruction 
conditions of Experiments 2 and 2a. Children were brought individually 
from their school classrooms to the Mobile Laboratory and were immediately 
given the Introductory Instructions. Owing to the newness of these 
children to the Mobile Laboratory and the machine some children required 
re-assurance or some initial prompting in order to respond. One child, 
for example, insisted upon holding the Experimenter's arm while responding, 
which was permitted. Another child seemed to believe that shouting at 
the machine would make the pictures change and initial prompts to 'Touch 
the pictures' were given. Apart from such departures from the exact 
procedure of Experiments 2 and 2a, which seemed necessary for the 
confidence of certain children, the procedure of Experiments 2 and 2a 
was followed closely. All the prompts and re-assurances which were 
made were recorded from the videotaped recordings of the children during 
the Experiment. 
No M.A. or I.Q. data were available for the sample 
as a whole but all the children were described by the Principal of the 
hostel as '.S.S.N.', and it is believed by the author that the children 
were broadly similar in 'ability' to the children who took part in 
Experimentsj and 2.. The C.A.'s of the sample ranged from 6 to 16 
years, median 12 years. 
The Experiment was conducted during October and 
November, 1970. 
(iii) Results 
(a) The Touch Tutor's 'attractiveness'. 
During the course of the Experiment it appeared that 
approximately one third of the children were finding no interest in the 
machine, in that they made no responses to the touch panels during either 
of the two sessions. Only one child showed any marked change in responding 
in these terms, beginning the Experiment by responding and ending the 
Experiment by not responding. The remaining children each completed a 
minimum of eight slides unaided during at least one part of the Experiment, 
as can be seen from Table 6.7. The Table shows the numbers of children 
completing the minimum of eight slides during blocks of one- and two-
choice slides at the beginning of each of the two sessions and during 
blocks of two-choice slides at the end of each session. It will be 
remembered that each Session consisted of 56 slides, of which 46 were 
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for children to complete alone. The consistency of the children's 
responding should be noted, with respect to the Table; thus, the 
Table refers to just 15 separate children. 
Table 6.7 
Numbers of children comEleting a minimum of 8 slides 
during' Eart s of E:lq?eriment 3. 
Session 1 Session 2 
Slides: 11-20 21-30 47-56 11-20 21-30 41-56 
(1c.) (2c.) (2c.) (1c.) (2c.) (2c.) 
No. of 
children: 14 15 11 14* 13* 13* 
n. 23 23 .23 22* 22* 22* 
Key: * 1 child absent. 
The data of Table 6.1 m~ be compared with the data 
obtained under similar conditions during Experiment 1, although it must 
be recognized that the conditions are not exactly comparable. Such 
comparisons are given in Table 6.8, which indicates the numbers of 
children in Experiment 1 ('Stallington') and in Experiment 3 ('Redcourt') 
completing a minimum of 8 slides at similar stages of the Experiments. 
The data for 'Stallington' are taken from the stages of that Experiment 
bearing the labels used in the Table; those of 'Redcourt' from the first 
20 slides of Session 1 and the last 10 of Session 2. 
Table 6.8 
Numbers of S.S.N. children in two samEles comEleting a minimum 
of 8 slides during different stages of ExEeriments 1 and 3. 
Experiment 1 Experiment 2 
('Stallington')(n.= 52) ('Redcourt!)(n.= 23) (% of n.) (% of n.) 
'Pre-test' 
'One-Choice' slides: 31 (59) 14 (61) 
*'Two-' or 'three-choice' slides: 28 (54) 15 (65) 
'Post-test' 
'Two-choice' slides: 26 (50) 13** (59) 
Key: * 'Two-choice' for Redcourt: 'Three-choice' for Stallington. 
** n. = 22. 
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Statistical analysis of Table 6.8 by theJC2 test 
suggests that the numbers of children completing 8 slides, expressed 
as proportions of the total number of children in each Sample, are 
similar in both Samples. As an example, the largest difference in 
percentage frequency (11%) may be taken, for whichjC2 = 0.44 (N.S.). 
At the end, therefore, of the Experiment 59% of the Redcourt children 
were responding to the Touch Tutor at the minimum criterion level of 
8 slides completed, a similar percentage of children in the total sample 
to that obtained from Experiment 1. 
During the Experiment the children recorded in Tables 
6.1 and 6.8 generally worked well, requiring few prompts although not all 
children (as can be seen from Table 6.1) completed full sessions on the 
machine. To be more precise, 11 children completed the 36, two-choice 
slides of Session 1, while the remaining children completed 22, 19, 16 
and 10 slides respectively; all 13 children who made a minimum of 8 
responses during Session 2 completed both the series of 10, one-choice 
slides and the series of 36, two-choice slides. 
Table 6.9 provides additional information on these 
children by indicating the time children took to complete certain slides 
during the Experiment and their response rates while doing so. Two 
sets of data referring to the whole Experiment are given in the bo~ 
of theTable. The first (labaled 'a') set of data was computed in a 
similar manner to the data in Tables 5.2, 5.3 and 5.4, that is, by taking 
the total number of slides completed during the whole Experiment by 
children completing 8 slides or more during one part of it, together with 
the total time spent in the Mobile Laboratory during the Experiment.~1) 
The second set of data (labelled 'b') was computed in a similar manner, 
but with the exclusion of the data from slides 1-20 of both SeSSions, 
in order to facilitate comparison with data from Experiment 2 (Table 6.3). 
Taking the data without adjustment, children spent an average of 
11 minutes 31 seconds in the Mobile Laboratory during the experiment 
during which they completed a mean of 80. 3 slides unaided (S.D. 18.18) 
at a mean rate of 4.62 slides per minute (S.D. 1.12). 
(1) Data from slides 1-20 of Session 2 was excluded for this computation, 
since children in Experiment 1 did not receive such a series of slides. 
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Table 6.9 
Amount of time (in minutes and seconds) spent by 15 children w~rking 
at the Touch Tutor during Experiment 3 and the mean number of slides 
they completed in each minute (Iresponse rate I). 
Time spent on machine 
Session 1 Session 2 Both Sessions 
Slidess 11-20 21-56 11-20 21-56 1-56 21-56 ('a
'
)21-56 21-56(lb l ) 
Mean 2-20 6-13 1-56 5-31 14-35 11-00 
S.D. 1-19 1-46 0-32 0-40 3-33 2-42 
n. 15 15 13 13 15 15 
ResEonse rate 
Session 1 Session 2 Both Sessions 
Slides: 11-20 21-56 11-20 21-56 1-56 21-56( I a 1)21-56 21-56('b l) 
Mean 5.19 5.28 5.60 6.62 5.01 5.66 
S.D. 2.16 2.14 1.55 0.85 1.40 1.67 
n. 15 15 13 13 15 15 
A marked feature of Table 6.9 is the considerable reduction in 
the variance of times and response rates which occurs after Session 1. 
This is reminiscent of the data of Experiment 2, during which reductions 
were also apparent as the Experiment proceeded. In both Experiments 
this reduction was caused not so much by the reduction of extremelY 
long response times as much by increases and decreases in non-
extreme times. rhe implication of this regression to the mean is 
difficult to see, for it suggests the existence of what may be 
termed a 'characteristic 1 response rate for the practiced 
1 operator 1 of the Touch Tutor which is independent of the particular 
response pattern that operator may be exhibiting, for children in both 
samples who showed increases and decreases included those who were 
responding with an incorrect pattern of response as well as those who 
were responding correctlY.' 
Comparisons of the response rates of the present Experiment 
with those of the previous Experiments showed that the rates 
were much closer tD. those of Experiment 1 than Experiment 
2. Thus the mean rate for the whole of the present Experiment (5.01), 
excluding slides 11-20 of Session 2, did not differ from the rate of 
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Experiment 1 ('t' = 1.594, N.S.), but did differ from that of the first 
Session of Experiment 2 ('t' = 2.195, p. <0.05, 2 tailed). For the latter 
test, it should be noted, it was necessary to use a mean rate for the 
present Experiment which excluded slides 1--20 of both sessions, as they 
were excluded from the computation of mean rate for Experiment 2; this 
mean rate (5.66) was slightly higher than the overall rate. Both of the 
above ttl tests were for independent means and in both cases the variances 
of the samples were homogeneous. 
During the first 20 slides of Session 1 prompts had 
to be given, for a variety of reasons. A common one, which had not arisen 
in previous Experiments, was a hesitancy of children to touch the machine 
which gave the impression that they were expecting the pictures shown on the 
machine to change without their intervention (no doubt like a television 
setl). These children were different from another group of children who 
did not respond; these latter children were similar to children in previous 
Experiments in their extreme unwillingness to make any responses. Both 
groups of children were given prompts to respond; the prompts were effective 
for the former group in encouraging their responding, and could soon be 
dropped, but they were ineffective for the latter group who could not be 
induced to make more than the odd response by a combination of prompts 
and demonstrations. It is certain that prompting raised the performance 
of some 6 children during these slides, although 8 children completed 
the minimum of 8 slides with no prompts whatsoever. After this, however, 
performance did not depend on the use of prompts; during the remaining 
slides of Session 1 four children received a sihgle prompt and one child 
received three prompts. Performance was still better in Session 2 with 
one child receiving two prompts an~ the remainder none. Prompts were, 
therefore, generally uncommon after children had been working on the Touch 
Tutor for 10 slides. 
So, to summarize, 'Redcourt' children worked on the 
Touch Tutor in a similar manner to 'Stallington' children during Experiment 
1, in terms of the proportion of the Sample completing a minimum of 8 
slides on the machine and in terms of the overall response rate of the 
Experiment. Some children in the 'Redcourt' sample seemed to show an 
initial reluctance to respond to the Touch Tutor not shown by 'Stallington' 
children which, it was believed, was due to a "misconception" about the 
nature of the machine. During the Experiment children responded to the 
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Touch Tutor for an average time of approximately 16 minutes, completing 
an average of approximat'ely 83, out of a possible 92, slides during that 
time. 8 children (approximately one third of the total sample) did not 
respond to the Touch Tutor for the minimum of 8 slides. 
(c) The extent of correct responding ('matching to sample') 
Few children in the Sample were able to match to sample at 
the beginning of the Experiment, and few more were able to do so by 
the end of the Experiment. All of the children who completed a minimum 
of 8 one-choice slides completed them correctly. Table 6.10 shows details 
of the numbers of children resporiding correctly to different slides at 
different stages of the Experiment, together with the corresponding data 
from Experiment 1. 
Table 6.10 
Numbers of S.S.N. children in two Samples responding correctly to at 
least 8 slides during sections of Experiments 1 and 3. 
Ex:12eriment ~ {'Redcourt' } 
Session 1 Session 2 
Slides: 11-20 21-30 41-56 11-20 21-30 41-56 
T,y'pe of slide: (10.) (20. ) (20. ) (10.) (20. ) (20.) 
No. of children: 11 1 1 13 3 2 
n. 14 15 11 14 13 13 
N. 23 23 23 22 22 22 
% of n. 19 1 9 93 23 15 
% of N. 48 4 4 59 14 9 
Experiment 1 ( 'Stall il'lf.'tQn ' ) 
Session 'Post-test' 
Slides: 11-20 21-30 1-10 11-20 21-30 
Type of slide: (10. ) (30.) (10.) (2c.) (3c.) 
No. of children: 22 1 25 6 1 
n. 31 28 33 26 25 
N. 52 52 52 52 52 
% of n. 11 25 16 23 28 
% of N. 42 14 48 12 13 
Si~ifioance levels of com12arisons 
p. (2 tailed): 0.44* 0.52* 0.34* 0.16* 
0.90** 0.46* 0.70** 0.74* 
Key: 
-139-
'n' = number of children completing 8 slides or more. 
'N.' = number of children studied during a section of 
the Experiment. 
'*' = Fisher Exact Probability Test 
, **' ='12 Te st • 
'1he first line of statisti.cal comparisons in Table 6.10 shows 
the results of comparing the numbers of children responding correctly in 
the two Samples as proportions of the numbers of children completing 8 
slides and the second line those of them as proportions of the total 
Samples. It will be noted that the proportionate numbers in each Sample 
are not significantly different. 
During Experiment 1 seven children showed improvements 
and four children showed deteriorations in performance between the Pre-
test and Post-test Stages of the Experiment on one-choice slides, while 
on three-choice slides two improved and two deteriorated. In the present 
Experiment such 'inconsistency' was less marked, with only two children 
showing marked changes; thus, one began Session 1 by responding at criterion 
to two-choice slides and ended the Session by failing to do so, and the 
other child did the same thing in. Session 2. 
(iv) Discussion and Conclusions 
'1he overall impression gained from watching children 
from 'Redcourt' loK)rking on the Touch Tutor was that there were many 
similarities between their responding to it and that of 'Stallington' 
children. 'lhus, some children were keen to touch the machine and some 
were not, only one child seemed actually frightened of it (and could be 
induced to make no responses) and children engaged in the kinds of response 
patterns noted in 'Stallington' children. 
'1his general impression of similarity has been confirmed 
in the comparisons which have been made of rates and correctness of responding 
between the two samples of children. 
We may ask, however, whether this apparent similarity in 
the behaviour of children is a realistic finding - for the procedures 
of the two Experiments were, in some respects, different. 
Perhaps the two major differences in procedure were, 
firstly, the 'Exploratory Studies', which affected 16 of the 52 children 
in Experiment 1 and, secondly, the length of that Experiment, which was 
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approximately twice that of the present one. Let us look briefly at some 
details of the results of Experiments 1 and 3 with regard to these differences. 
With regard to the first difference, it is interesting to note the larger 
number of children in the 'Stallington' sample who were, at the start of 
the Experiment, able to match to sample. Turning to the appropriate section 
. of Chapter 5 (page 90), it appears that seven children were thought to be 
matching to sample in the Exploratory Studies; reference to Appendix 1 reveals 
that many of these children continued to match correctly at the beginning 
of Experiment 1. It could, therefore, have been the effects of the Exploratory 
Studies which gave rise to the slightly greater number of children able to 
match to sample at the beginning of Experiment 1 than were able to do so at 
the beginning of Experiment 3. 
With regard to the second difference it was a noticeable 
occurrence in the data of Experiment 1 (see Tables 5.1 and 5.5) that, although 
some children 'improved' in performance as the Experiment proceeded, a rather 
similar number 'deteriorated'. This was not true of Experiment 3, where 
little 'deterioration'was noticeable. It may be that the greater length of 
Experiment 1 was a major contributory factor in this 'deterioration'. On the 
other hand, there are grounds for regarding such events as fluctuations, 
rather than directional trends, in children's performance; inspection of 
Experiment 2 (Table 6.4) reveals clear fluctuations from 'criterion' to 'non-
criterion' responding as the Experiment proceeded. To the extent that this is 
a more parsimonious explanation of the data than one which supposes trends, 
it should be adopted. 
It would appear, therefore, that the two differences 
in experimental procedure between Experiments 1 and 3 may be regarded of 
minor importance in comparing the effects of the Experiments upon the 
Children's performance on the Touch Tutor. We may conclude that the two 
Experiments have given similar results concerning the behaviour of children 
on this machine. 
(5) Conclusionsto Chapter 6 
The three Experiments reported in this Chapter have 
gone some way towards clarifying the results of Experiment 1. Experiment 2 
suggested that the use of one-choice slides for the introductory instructions 
in Experiment 1 had not, in comparison to the use of two-choice slides, been 
a significant cause of children not matching to sample; Experiment 2a seemed 
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to confirm this finding. In Experiment 2a it also appeared possible that 
too much stress was being laid upon small variations in the Instructions 
children received, when it was discovered that normal children, who were 
similar in extent of matching to sample performance to a group of S.S.N. 
children, were not touching all the panels of the Touch Tutor - a pattern 
of responding which had been tentatively blamed upon the use of one-choice 
slides for introductory Instruction. Experiment 3 gave rise, despite some 
variations in experimental procedure, to similar conclusions concerning the 
behaviour of S.S.N. children to those drawn from Experiment 1. 
Experiments 2 and 3 have also extended the results 
of Experiment 1. Thus, Experiment 2 provided details of the responding 
of children to the Touch Tutor over a number of further sessions, suggesting 
the value of these in promoting matching to sample in certain children, 
while Experiment 3 offered more detailed quantitative data about the 
responding of a sample of children of whom none had experienced the Touch 
Tutor prior to the Experiment. No major new information came out of this, 
however, with the exception of the picture it painted of the initial effect 
of the machine upon children completely unfamiliar to it. Children initially 
required assurance and prompting to respond, a hesitancy mirrored by low 
response rates. 
These Experiments have not yet provided information 
upon two further questions raised in Chapter 5 in connection with Experiment 
1. These concerned the specific effect of the Instruction procedure of 
Experiment 1 and the problem of the nature of response patterns, about both 
of which little data was available for examination from Experiment 1. 
Since relevant data was obtained during the Experiments reported in this 
Chapter let us turn next to a consideration of it in connection with these 
two questions. 
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CHAPrER 7 : DETAILED STUDY OF CHILDREN'S 
RESPONDING TO THE PANELS OF THE 'TOUCH TUTOR'. 
( 1) Introduct ion 
This chapter is intended to have a relatively minor 
role in the exposition of the general argument of the thesis. However the 
role it does play, although small, is important,for the intention of the 
Chapter is to clarify some of the problematic aspects of the First Study 
by further investigation of the behaviour of S.S.N. children to the Touch 
Tutor. This clarification is. achieved by the relatively simple expedient 
of studying the behaviour of such children while working upon the Touch 
Tutor in considerably more detail than was possible in Experiment 1. The 
particular aims of the Chapter, which were developed from the problems which 
arose during Experiment 1, are to provide a detailed description of certain 
aspects of the responding of children to the stimulus and response panels 
of the Touch Tutor with a view to evaluating further the effects of the 
instruction procedure which was used to introduce children to the experimental 
task in Experiment 1, and to provide some degree of explanat ion for the 
appearahce and maintenance of a number of incorrect patterns of response 
adopted by children in Experiment 1. Our next task will be to discuss how 
to obtain a comprehensive description of the behaviour of children to the 
Touch Tutor in such a way that further light m~ be shed on the problem of 
further evaluating the effects of the instructions used, and upon the 
characteristics of the response patterns. One way of doing this is to examine 
the assumptions made in Experiment 1 about the instruction procedure used, 
the assumptions which might be made about incorrect patterns of response 
from previous discussions of them, and to examine how far a detailed analysis 
of children's responding to the Touch Tutor might show the extent to which 
such assumptions are justified. 
The intended effects of the Instruction procedure used 
in Experiment 1 were that it would aid children to match to sample. Specif-
ically, it was hoped that children would copy the act of touching the top 
panel of the machine, in addition to one of the bottom ones, and that when 
they did this it would improve the correctness of their responding. It 
would, therefore, be important to determine how frequently the behaviour 
of touching the top panel occurred in the performances of children being 
given these instructions and whether responses to the top panel, when made, 
typically led to correct matching to sample. If children typically did not 
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touch the top panel of the machine and, more specifically, if they did 
not touch it before touching the bottom panels of the machine; or, if 
they touched the top panel but did not typically follow such a touch with 
a correct response, the efficacy of the procedure in achieving its aims 
might be doubted. 
The possibility arose in Experiment 1 that the use 
of one-choice slides in the Instruction procedure was havingAdeleterious 
effect on children's matching performance. The possibility was heightened 
by the development, in some children, of a tendency towuch all the 
response panels in turn on the appearaace of a slide, suggesting that one 
of the effects of using one-choice slides had been to tell them to 'touch 
all the pictures and make the machine work' rather than to 'touch the 
pictures which are the same and make the machine work'. One way of 
evaluating the deleterious effects of using one-choice slides for 
instruction would be to consider the differences in respondio~ created 
Wlttr 
by giving children instruction with two-choice, rather thanA one-choice 
slides. We might expect on the basis of the above discussion that the 
touching of each response panel in turn would occur less frequently under 
conditions of instruction with two-choice slides. 
The term 'response pattern' refers to a systematic 
mode of responding adopted by a child towards a task such as, in the present 
studies, that presented by the Touch Tutor. Although correct matching 
to sample can be thought of as a response pattern the term has come to 
be used to describe incorrect ways of responding in a task. Other terms 
have been used to describe similar phenomena; Krechevsky (~.g. 1932a), 
for example, talked of 'hypotheses' in rats learning a discrimination task, 
and the phrase 'response habits' has been used interchangeably with these 
terms. 
Two broad types of response pattern attracted our 
attention in Experiment 1. Firstly, it had been difficult to see why 
children repeatedly touched the response panels of the machine until the 
slide changed, even when they had responded correctly and had heard the 
machine speak. Secondly, children had developed habits associated with 
their first response to the lower, response panels of the machine after 
the appearance of a slide; an example of this kind had been the tendency 
in some children to touch always the same position of the response panel 
area on the appearance of a slide. 
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Discussion of the former pattern of response has been 
sparse, although similar patterns have been noted by those who have worked 
with similar machines and children. Hively (1960, 1962), Sidman: and 
Stoddard (1967) and Bijou (1968) each note the appearance of this kind 
of response pattern (although without reference to it in relation to the 
machine speaking: their machines, it will be remembered, offered no such 
reinforcement for correct responses), with Hively and Bijou attributing it 
to unintended contingencies of reinforcement and Sidman and Stoddard to 
the child adopting an optimum mode of response for the acquisition of 
reinforcement after an incorrect response. The interpretations of such 
response phenomena do not seem to be the result of careful anavsis of the 
data; rather they seem to be broadly reasonable intepretations in the 
light of the authors' 'operant' approach. 
One slightly contrasting explanation which could be 
offered for them is that they represent a facet of exploratory behaviour 
which can be a feature of the behaviour of the normal child of approximately 
3 years of age. His exploratory behaviour may tend to be both manual and 
impulsive (~. Zaporozhets, 1961) and is. therefore. behaviour the child 
brings to the task rather than behaviour developed by it. It would seem 
a vital first step to explanation that we should study the characteristics 
of this response pattern's occurrence; once in possession of descriptive 
data,possible explanations may be examined. In such descriptive study 
it would be important to determine how typical of the behaviour of 
different childrn was this pattern of response, and something of the extent 
to which it was related to the different reinforcements ('speaking', 
and 'slide-moving') provided by the machine. Knowledge of these two 
aspects of this response pattern would reveal just how widespread such 
behaviour was in the children studied, and enable some discussion of the 
power of 'operant' or "contrasting" explanations to be assessed. 
Discussion of the second kind of response pattern has 
been comparatively extensive. Incorrect patterns of response associated 
with the first response to response panels after the appearance of a slide 
have been reported in most of the stUdies described in Chapters 2 and 3 of this 
volume and apparently similar ones have been noted in a variety of stUdies 
in which animals and children (both normal and subnormal) have responded 
overtly in order to gain some kind of reinforcement. For example, Fellows 
(1965) reports the appearance of such response habits in normal children 
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aged five years and below in a matching to sample task, Schusterman (1963, 
1964) and Baumeister (1966) in subnormal children, and severely subnormal 
children, working on two-choice discrimination learning tasks of standard 
format; Gerjuoy and Winters (1968) and Goulet and Goodwin (1970) in 
subnormal and normal children working on tasks of the 'probability 
learning' type in which no pattern of response will lead to reinforcement 
every time; and Goulet and Barclay (1967) and Goulet (1969) in the 
behaviour o£ normal and subnormal children working on problems in which 
reinforcement is completely unrelated to choice behaviour, when only 
guessing is possible. Similar phenomena have been observed and studied 
with animals in variants of two-choice discrimination learning tasks 
(e.g. Krechevsky, 1932c; Sutherland and Mackintosh, 1971, with rats; 
Harlow, 1959, with monkeys), and with college stUdents (e.g. Levine,1966). 
Despite the differences in tasks, subjects and the 
purposes of these studies there are many similarities in the response 
patterns and their characteristics they report. On the basis of these 
various studies, three broad generalizations about such response patterns 
can be made. Firstly, that they are widespread £eatures of the pre-solution 
behaviour o£ rats, monkeys, subnormal and normal Children(1), instances 
of random responding are rare. Secondly, a broad correspondence between 
mental age and the type o£ response pattern emerging in a task exists; 
very young children o£ normal ability and subnormal children w'ith 
equivalent mental ages show tendencies to respond in two-choice 
discrimination learning tasks in a manner which m~ be described as position 
persevaation. That is, on the appearance of the stimulus materials for 
each new trial they will tend to respond to the same position of the response 
area. Rats, also, seem to £avour this pattern (Krechevsky, 1933a). \ 
Slightly older children m~ still show a tendency to respond to the 
positioning of the stimuli, but to respond to alternate positions. Older 
children, with mental ages of five and above tend to show response 
patterns based increasingly upon the outcome of a choice, and m~ respond 
to the same or to alternative positions on subsequent slides, depending 
upon whether responses to a position on the previous slide were rewarded. 
These children, too, are better able than the younger children to learn visual 
(1) The majority of such stUdies are with mildly subnormal children although 
some have been conducted with S.S.N. children. ' 
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discriminations. Thirdly, the response pattern behaviour of the younger 
child below a mental age of five years tends little to be affected by changes 
in the task such as the kinds of instructions used, and the particular 
reinforcement schedule used for rewarding correct responses, while that 
of the older child, above this age, tends increasingly to vary as a result 
of such changes in the experimental task. Let us now look at these three 
features of response patterning in slightly greater detail, and attempt 
to understand some of the mechanisms which underlie these features. 
It is hard to tell whether the few instances of 
random responding which seem to occur in accounts of response patterns are 
due to brief reporting, or to their real infrequency. However, there is 
evidence that in the case of animals with intact brains it is the latter 
explanation which is the accurate one. Lashley (1929) attributed the very 
fact of response patterning as opposed to random responding to the 
characteristic mode of operation of the intact brain: "One does not realise 
the meaning of 'random' behaviour until he has compared a normal animal 
with one having extensive cerebral destruction ••• " (.2£,. ill., p.138). 
In his studies of maze- and discrimination-learning in normal and in brain-
damaged rats, it seemed that response patterning was a normal and character-
istic feature of the behaviour of animals exploring new situations. 
A similar conclusion about the widespread nature 
of response patterning comes from the many studies of humans in which 
subjects have been asked to produce or recognize random sequences of 
material (~. Tune, 1964; Cook, 1967). T,ypically, subjects find this 
a difficult task, suggesting than randomness is alien to the brain's 
operation. 
Unfortunately, what dt~eem to be available are 
data concerning the responses of represenatative samples of severely 
subnormal children; it is, therefore, difficult to know to what extent 
random responding is characteristic of the behaviour of these children in 
problem solving tasks. 
The broad correspondence of mental age to the type 
of response pattern which emerges in a task, and to the extent to which 
they are affected by task variables, has received support from a number 
of workers, although few of them have attempted to determine with any 
exactness why this should be so. Reviews of the literature upon response 
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patterns by Gerjuqy and Winters (1968) who concentrate upon studies with 
subnormal children, and by Goulet and Winters (1970) who have reviewed 
the literature in relation principally to young normal children agree to 
the presence of a strong developmental component in response patterning 
and agree that this seems to change from strong position perseveration 
in the young child with a mental age of approximately three years, to 
strong position alternation at a mental age of about 5 years, to more 
complex hypotheses based on outcome at the age of about 7 years and 
above. Similarly, children below 5 tend to be relatively unaffected by 
specific task variables in comparison to older children. It should be 
noted, as is the case in attempting to attach ages to behavioural phenomena 
of developmental significance, that these ages are not intended to be thought 
of as definitive, but rather as general guidelines to the approximate relation 
of age to the characteristics of children's response patterns. There is 
slight disagreement, for example, between different studies as to the 
precise age range appropriate to the appearance of different resppnse 
patterns, and in some cases the results of samples of normal children 
are used as the basis for generalizations about subnormal children. 
Nevertheless, there is broad agreement that marked shifts in the type of 
response pattern terdto occur at the ages of 3, 5 and 7 years in the normal 
child, and that this seems to hold, broadly, for subnormal and severely 
subnormal children of equivalent mental ages. 
These shifts correspond to other changes in the 
cognitive functioning of the normal child which seem to take place at 
these ages. White (1965) has amassed evidence from a number of stUdies 
of cognitive processes in child development that the age range 3 to 7 years 
and immediately above is a time of marked qualitative change in mental 
organization. Particularly during the ages of 5 to 1 years the normal 
child seems to go through a period of transition in which -a widely ramified 
system of juvenile mental processes gives way to higher mental processes" 
(2£. cit. p.213). Before this transition, White supposes, the child 
learns problems by a set of processes which might broadly be described 
as 'associative'. B,y this White implies that the child indulges in 
behaviour which is regulated not predominantly by voluntary acts, but 
rather by aspects of the immediate task. The older child, in contrast, 
shows less dependence on the immediate aspects of the task by exhibiting 
a degree of controlled choice over his actions. White terms this, Simply, 
the 'cognitive' set of processes. 
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Three examples follow' which make White's thesis 
clearer. Razran {1933) reviewed studies of the ease with which young 
children could be 'classically conditioned'. He noted that the suscept-
ibility of children increased until the age Qf 6 years, after which it 
showed a marked decrease. Similarly, Stevenson and Weir (1961) concluded, 
after reviewing data obtained from normal children in a knob-pushing task 
in which marbles could be obtained as reinforcement, that the single S-R 
unit of analysis was inappropriate for describing the behaviour of children 
of seven years of age and above. Children of this age tended to adopt 
alternative responses after reinforcement as often as after non-reinforce-
ment; younger children tended to repeat rewarded responses and discontinue 
non-rewarded responses. Thirdly, Zaporozhets (1957, 1961) reports that a 
three-year-old child when faced with the problem of getting a toy car 
through a 'maze' of 'streets' will tend to grasp the car and push it 
through the maze without regard to blind alleys and wrong turnings. 
With practice he will learn to take the car through more 'correctly', 
and his performance is likely to agree with that predicted by such 
classical S-R theorists as Hull. The seven-year-old child, on the 
other hand, is likely to engage in visual exploration of the maze, 
avoiding false turnings before coming to them, and showing a degree of 
'planning' in his approach to the problem, which gives his learning more 
of the appearance of 'insight'. 
A popular interpretation of the nature of this 
transition draws upon the concept of a 'mediating response'. If a child 
seems to do something 'after thinking about it' which, as we have seen, 
seems to differentiate the older from the younger child, it would seem 
important to ask about the nature of this 'thought'. Since the behaviour 
of the 'thinking' child is more efficient than that of the impulSive, 
non-thinking child, it would be reasonable to suppose that during this 
period of thought the child is engaging in some internal analysis of the 
problem. A number of workers (~.g. Vygotsky, 1962) have suggested that 
it is ihe internalization of language which permits such internal analysis, 
the word becoming the effective basis of action rather than the external 
stimulus, and hence a 'mediating response'. 
Our discussion so far seems to suggest that the 
transition in the type of response pattern with age, and in the effect of 
task variables on response patterns with age has a marked similarity to 
transitions in other aspects of children's behaviour which take place at 
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similar ages. This in turn suggests that this transition is brought 
about by an increasing facility in conscious, planned behaviour which 
begins to take precedence over 'associativ~behaviour, to use White's 
term, in learning tasks. One important aspect of this transition appears 
to be the emergence of language in the child as a means of regulating his 
problem-solving behaviour. However, this discussion has touched only 
briefly on the characteristics of the bahviour of the child who has not 
reached this transition stage. Since it is these children who have difficulty 
in the learning of discrimination tasks, and in whom rigid response patterns 
predominate, we shall now turn to discussing characteristics of their response 
pattern behaviour. 
Schopler (1964) has presented evidence that 
exploration of a new toy is characteristically different for children of 
different ages. When children were offered a choice of play situations 
between articles which presented predominantly visual stimulation and 
articles which presented predominantly tactual stimulation, there was a 
progressive increase in the proportion of total time spent playing with 
the visual items from age 3 years to 9 years. Schopler also found that 
a sample of retarded chi.dren showed a similar progression in terms of 
their mental age. (In this respect it is interesting that Hermelin and 
O'Connor, 1961, discovered that imbeciles were superior to normal children 
of equivalent mental age in recognition of letter cut-outs presented 
tactually, and inferior in visual reco&~ition of them.) Zaporozhets' 
experiments (see above) suggest, too, that children of about three years 
of age characteristically explore a task manually, rather than visually. 
The fact that young children tend to prefer to 
explore new tasks manually rather than visually suggests that information 
presented tactually is easier to code than information presented visually. 
If this were so it would go to explain why children of this age are inferior 
in the acquisition of visual discrimination habits in tasks such as the 
two-choice discrimination learning task, which require attention to be 
paid to the visual characteristics of the stimuli presented rather. than 
information which could be obtained from tactile input. Since older 
children seem to prefer visual exploration, one might expect that they 
would be inferior at learning discrimination tasks with 'tactile' solutions 
and, indeed, there is some evidence that this is the case. Schusterman 
(1964) presented a task which required the learning of a positional 
discrimination to children of low and high M.A. and discovered that the 
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rate of learning this discrimination related inversely to M.A.(1) 
What this implies, is that in adliition t.o 
effects of reinforcement on the behaviour of the young child, one should 
consider the effect of the direction of the child's attention at the time. 
If it is in the 'wrong' direction the effect would be to change the 
functional effect of the reinforcement contingencies. 
Several authors have attempted to provide 
comprehensive accounts of the likely interaction of attentional factors 
and reinforcement in two-choice discrimination learning tasks. Of these 
perhaps the most relevant and comprehensive for· our present purposes are 
those of Sutherland and Mackintosh (1971) and Zeaman and House (1963). 
While the former was devised to account for aspects of rat learning on the 
Lashley jumping stand on two-choice tasks, and the latter to account for 
aspects of the learning of severely and moderately subnormal children on 
two-choice discrimination learning tasks, presented on the Wisconsin 
General Test Apparatus, they are in their fundamental respects very similar 
(see Sutherland and Mackintosh, ~. cit. pp.470, 471). 
Both of these theories assume that in learning a 
discrimination in the two-choice discrimination learning task the subject has 
to learn, firstly, to attend to the relevant (i.e. the 'rewarded') stimulus 
dimension and, secondly, to make responses to the correct cue of that 
dimension. S·...i.ch a two-stage model is invoked in both theories to deal with 
(among others) the phenomenon characteristic of, as we have seen, many 
subjects' performance in such tasks that during the early stages of the task 
they respond to some irrelevant aspect of the task with respect to its 
solution, that is, they exhibit a response pattern. If the performance 
of such experimental subjects is portrayed in the form of a learning 
curve, the resulting curve exhibits an initial flat portion during which 
no apparent improvement is occurring, followed by a sharply rising portion 
to criterion. Zeaman and House point out that this is most noticeable in 
the performance of retarded children, in whom the length of the initial flat 
portion differentiates slow- and fast-learners of discrimination problems. 
They describe their initial findings with respect to this: 
"The difference between fast and slow learning is not so much 
I 
The 'low M.A.' subjects in this experiment had a mean M.A. of 
5. 2 years and a mean C.A. of 10.1 years; 'high M.A.' subjects were 
normal children with a mean C.A. of 10.8 years. 
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the rate at which improvement takes place, once it starts, 
but rather the number of trials for learning to start ••• We 
surmise that the length of the initial flat chance-level stage 
of the performance curves is controlled primarily by an attention 
process, while the final, sharply rising portion of the curves 
is largely indicative of instrumental discrimination learning." 
(Zeaman and House, 1963, p.162, authors' emphasis) 
Zeaman and House suggest that the learner 
approaches the task with a certai~ probability of p~ing attention to the 
relevant stimulus dimension of the discrimination task. This probability 
may depend on previous training, or it m~ depend on developmental factors, 
or factors related to the child's handicap. As the child responds in the 
task, and receives reward for choosing the experimental stimuli, the probability 
of the child's repeating an 'attentional response', that is paying attention 
to a stimulus dimension on a trial, is increased or, if a choice is not 
rewarded, decreased. In time, as a result of this process, the relevant 
stimulus dimension will operate on each trial; once this happens the speed 
of approaching criterion performance will be as fast as that of a child who 
had paid exclusive attention to the relevant stimulus dimension from the outset. 
Support for this theory is given both by 
experimental work with severely subnormal children directed at testing specific 
predictions derived from the theory, and by the results of simulations of 
children'S responding. Common to both these kinds of stu~ is the manipUlation 
of factors which are likely to affect the operation of attentional factors 
during learning. These experiments seem to bear out the principal thesis 
of Zeaman and House that attentional factors are of importance in discrimination 
learning and that manipulation of them affects the rate of learning of a two-
choice discrimination task by affecting the length of the initial flat 
period of the learning curve. 
Zeaman and House do not discuss specifically why 
some children fail to learn in relation to their theory. This is unfortunate, 
not only because it would be relevant to our present endeavour of trying to 
understand response patterns but because there seem to be as many children 
failing to learn two-choice discriminations in their experiments as succeeding, 
both of low (2 - 4 years) M.A. and of high (4 - 6 years) (££. £iiI p.163). 
The likely explanation would presumably be that 
non-learning children are not paying attention at all to the relevant dimensions 
of the task, which accordingly are not being increased in dominance by 
reinforcement. On the other hand, certain irrelevant stimulus dimensions are 
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receiving reinforcement, and are therefore accordingly being strengthened 
(or maintained in strength) by reinforcement on a schedule of partial 
reinforcement. Neither attentional nor instrumental responses extinguish 
with time since the number of rewarded and non-rewarded responses are 
equal; children accordingly continue to respond in a w~ that reflects 
the aspects of the task to which they are paying attention. 
Of course, if these ideas hold true one would 
expect that the persistent non learner could come to improve with practice 
if his attention were brought to notice the relevant aspects of the task, 
or if the reinforcement conditions were altered so that responses to 
'irrelevant' dimensions of the task would be extinguished. Zeaman and 
House (££. cit.p.164) .report experiments in which procedures designed to 
improve the attention-getting qualities of the relevant stimulus dimension 
succeeded in making the task easier to learn. Thus, using 'junk' stimuli, 
which are multi-dimensional stimuli such as: "an aluminium pot cover versus 
a green plastiC scrap dish and a toy hat versus a tobacco can", enabled the 
majority of subjects to reach criterion (££.£ii. p.164). One of the hardest 
discriminations appeared to be when discriminanda differed only in colour 
( e.g. a red three-dimensional square versus a green three-dimensional 
square) and in rank order between these, in increasing order of difficulty, 
appeared to be three-dimensional objects differing both in colour and form, 
form only, and two-dimensional patterns differing in colour and form (e.g. 
red triangle versus yellow cross) (ibid.). 
With regard to changing the reinforcement 
schedules Lobb (1966), in a typical Zeaman and House task, gave additional 
non-reinforcement to responses made on the basis of irrelevant response 
patterns, and succeeded in reducing their occurrence. Unfortunately, 
discrimination learning was no faster as a result of this process. The 
possible reason for this was that the existing attentional responses 
were being weakened without new, relevant ones being given to the subject. 
It is interesting in this respect that Sperling (1961), using rats, found 
that a training procedure designed to eliminate position habits, while 
succeeding in doing so, failed to reduce the errors made in the acquiSition 
of the discrimination habit by them. Thus these latter procedures would 
only be effective in conjunction with some specific training procedure. 
This could be either of the type used by Zeaman and House (see above), 
viz., training on the criterion task alone, or training on easier problems 
in a 'transfer' paradigm, or it could be any of a number of methods 
suggested by different workers. Thus, pre-training in the observation of 
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important stimuli may help, as m~ the gradual transfer of stimulus 
control typical of 'fading' procedures. 
It is clearly possible,in principle, to interpret 
some aspects of response pattern data by models of discrimination learning 
which take both attentional and reinforcement factors into account. Such 
models assume that children enter the experimental task with certain like-
lihoods of noticing the various aspects of the experimental situation which 
will be correlated to a greater or lesser extent with reinforcement once 
the task is under way. Under certain specifiable, in principle, rules 
~nforcement operates on the attentional mechanism so that in time the 
experimentally 'correct' stimulus dimension becomes most noticed by the 
child, when he rapidly approaches criterion performance; in some cases, 
however, it is possible that children do not pay attention at all to the 
relevant dimension of the task, in which cases reinforcement may operate upon 
attentional mechanisms perceiving other stimulus dimensions, preventing 
their extinction. 
This is satisfactory, however, only as a general 
account for it does not really explain the behaviour of the persistent non-
learner. The difficulty lies in accepting that a child is not attending at 
. all to a particular, relevant stimulus dimension; if he is, why do the 
reinforcing aspects of the task not increase, eventually, attentional 
responses to it and give rise to instrumental learning? An example of 
this problem occurred in an early experiment of .Zeaman !d..&.. . (1958): 
"On one occasion in the course of running a discrimination 
experiment E. forgot to pick out the stimuli to be used before 
bringing the subject into the experimental room. This subject, 
who had failed a simple color-form discrimination for over 
1,000 trials, spontaneously went to a bench containing some 20 
different stimuli and selected the two which had been used for 
the 1,000 trials." (p.456). 
House and Zeaman~~ho do not appear to have 
considered the pheomenon of response patterns per ~, provide no explanation 
of this problem. Similarly, Sutherland and Mackintosh (££. £ii.) find the 
problem difficult, despite the completeness of their theory. Noting 
(£E. ill·, p.486) that models derived from their.; theory failed to account 
satisfactorily for certain aspect of position habits, the writers'~Te 
forced eventually into an anthropomorphically-based account of what the 
rat is doing, just as Lashley (1929) and Krechevsky (1938) had to do. 
Thus the rat is seen as "know:ing" and "storing information" in a '-l'Jituation 
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in which discrimination learning is both an active and a passive process 
(2E. £ii., p.485). 
Presented with this impasse, it is difficult 
to see what more can be added to an explanation of response patterns by such 
further work as might be achieved in the present thesis. What is necessary, 
however, is not so much a deeper dig into the pit of 'explanation' for 
the purposes of the present discussion, but rather an examination of the 
responses of S.S.N. children working on the Touch Tutor in the light of the 
discussion so far presented. The reason for this if two-fold; firstly, 
comparatively little seems to have been written about the response patterns 
of the S.S.N. child working upon discrimination learning problems (either 
of the simultaneous two-choice or of the matching to sample kind) and, 
secondly, even less has been written about these as they occur upon teaching 
machines like the Touch Tutor, although their existence has frequently been 
noted. It will, therefore, be important to provide a description of 
children's reponse patterns as they occur on the Touch Tutor and to reflect 
upon the value of possible explanations of them which could be advanced. 
We may now present the aims of the experimental 
work of the present Chapter in detailed form: 
(1) To evaluate the effects on children's responding to the panels 
of the Touch Tutor of the introductory instructions used in Experiments 
1, 2 and 3. 
(2) To describe the behaviour of children with respect to the 
repeated touching of the response panels and to relate this pattern of 
incorrect responding to aspects of the machine's mode of operation 
('speaking' and 'slide-moving'). 
(3) To describe patterns of incorrect responding by children 
which are associated with their first response upon the appearance of a 
new slide. 
(2) Method 
The reader will recall that Experiments 2 and 
3 were illtended to furnish data for the present Chapter as well as for 
the previous Chapter. Accordingly the observations which form the basis 
of the Results for the present Chapter were collectedl while children were 
working through these Experimentsjby means of videotaped recordings of the 
children's responses to the panels of the Touch Tutor. This was easy to 
do and the resulting tapes provided a clear and complete record of every 
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(2) 
response made by children to the machine. 
The tabulation of the data was made initially in the 
form of a transcription on to squared paper of every response made, including 
the Experimenter's prompts, but largely excluding the children's vocalis-
ations (these were typically few in number). It was possible to maintain the 
temporal characteristics of the respondingiD each slide to an accuracy 
of approximately ! ~ second, but this accuracy dropped when considering 
the del~ between the appearance of a slide and the first response made 
to it. The Experimenter prompted the subject to respond if the latter had 
not responded for thirty seconds after a slide appeared, so that the maximum 
such an interval could have been would have been thirty seconds. Where 
such a latency was longer than about five seconds an attempt was made to 
measure the interval with a stop watch; this, however, was an infrequent 
occurrence. In general, time was not measured as accurately as was the 
number and order of the responses made to each slide, where accuracy was 
checked by replaying the tape a number of times over sections where respond-
ing was rapid and complex. Each child's behaviour was analysed twice, to 
check the accuracy of the transcription, and more frequently if it was 
difficult to record. One aspect of timing which did receive attention was 
the contiguity of responses to the two events in each slide - the machine 
speaking and the changing of the slide - for which accuracy was, as noted 
+ 1 above, in the order of - 2 second. 
To orient the reader four fragments of the analysis 
are given in Figure 7.1. One is an example of a simple-to-record behaviour 
and the others are ones of increasing complexity. It will be not,iced that 
the time which elapses from the ChildstoUCh:~ lower panel to the machine 
speaking the name of the stimulus object (should a correct response have 
been made), and from this until the slide-change, is a fairly fixed and 
constant interval. However, as the use of the word 'fairly' implies, 
the intervals between these EVents could and did vary by amounts varying 
from! ~ second to ! i second (1). Allowing for this variability, the 
(2) 
This variability was due to three main factors. Firstly,there was 
variability in the length of time allowed to elapse on the tape before 
the stimulus name was spoken. Secondly,there was variability in 
the length of stimulus names. Thirdly, there was variability in the 
machine itself due to tape stretch and other miscellaneous mechanical 
happenings. 
An event recorder was also attached to the Touch Tutor during Experiments 
2,2a & 3 (in order to provide some record in the event of videotape 
malfunction) Which recorded the position of each first response to the 
lower panels after the appearance of a slide. 
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typical timing of these event s was thus: "Touch to a lower panel - one 
second of hum - spoken stimulus name for two seconds - two seconds of 
hum - 'beep' from machine of half a second - slide change, lasting one 
second". Of course, when a child made an incorrect response the machine 
was completely silent until the slide change occurred. T,ypically, there-
fore, hum' was immediately contingent upon correct responses, the stimulus 
name appeared after about one second and lasted for about two, silence 
occupied a further two seconds, overlaid by a slight hum, a 'beep' of 
half a second told the machine to stop the tape recorder and the slide 
changed, taking about one second to do so. 
Figure 7.1 
Four examples of transcribed recordings of children's responses to the 
Touch Tutor 
Time base 
(Seconds) : 
Example 
No.: 
2. 
Top panel responses 
o 1 2 345 ••• 
T ••• 
T •• 
Bottom panel responses 
o 2 3 4 5 ~ ~ Next Slide 
L ••• 
R L T • •••••••••••• 
R ••••••• LT ••••••• 
R L R L C R ••••••••••••• L •••••••• R •• 
Key: Abbreviations 'T','R','L','C' refer to Top,Left,Right and Centre 
Panels of Touch Tutor. 
Dots indicate the duration of a response. 
Figure 7.1 shows fragments of the records of four children in their first 
Session of Experiment 2. Example 1 is easy to record, cons~ing of one 
response to the Top ('T') panel and one to the lower Left panel ('L'), 
in that order, each of which lasted for about one second. Example 2 shows 
touching of Left, Top and Right('R') panels, with the child's finger 
resting on the Top panel until the slide changed. Example 3 shows an 
example of a response continued until the point at which the machine would 
have stopped speaking (apprOXimately) and responses repeated after this. 
Example 4 shows a most difficult record. Repeated, discrete responses are 
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made to the Right, Left and Centre panels, with the child keeping his 
finger on the Right panel until after the slide-change and thus triggering 
the machine on the following slide, and then changing, fairly quickly, to 
another panel. In this last example, what the first response to the second 
slide should be, is a matter for debate; certainly the first response as far 
as the machine is concerned is the one continued from the previous slide but 
it may be thought that the child actually 'meant' to make his second responS.e 
his first. The former interpretation was adopted by the author in his analysis 
of such records. 
Each analysis was made after the pattern of the four 
examples in Figure 7.1 and contained, therefore, a time-base and a record 
fue 
of every response made toAtouch panels of the machine. Infrequently, a 
child would use both hands to make clearcut responses simultaneously, or 
would make gross responses to the centre of the panel area with his whole 
hand. These were counted as incorrect responses. What constituted a response 
was hard to define. If a response was noticeable, however, brief, it was 
counted as a response. Responses in which a child kept his hand upon a 
panel continuously were generally counted as one response, but for the 
purposes of one type of analysis (those of 'Subsequent' responses - see 
below) additional quantification of such responses was required, by taking 
their duration into account. 
So far, we have been discussing the mechanical 
transcription of the videotaped recordings and some of the conventions which 
were adopted for this. It is now necessary to turn to the problem of 
summarizing the raw data into a digestible form. 
The reader will see from the fragments of records 
presented in Figure 7.1 that there is the possibility of studying three 
broad classes of response to the Touch Tutor. Firstly, there is the 
most significant response as far as the machine is concerned vi~ the 
first response made to the lower panels after the appearance of a slide. 
Secondly, are the possibly important responses as far as helping the child 
to match to sample is concerned ~., responses to the Top panel of the 
machine. Thirdly, there are responses whose significance might be related 
to the reinforcing value of the slide change (see Chapter 5) ~., the 
child's response~ subsequent to his first Top and Bottom panel responses. 
Let us now turn to a detailed examination of these three classes of response 
of which the first, as noted earlier in the present C~~pter, has received 
considerable attention. Analysis of the research which has been performed 
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on the phenomena of those response patterns which occur on the first 
response of a child to the response panels of the apparatus (Krechevsky, 
1932a,b,c,d, 1933a,b, 1935, 1938) Harlow, 1959; Levine, 1956, 1966; 
Fellows, 1965; Sutherland and Mackintosh, 1971) r~vealed that these were 
typically interpreted by reference to series of problems in which the 
attributes of the correct stimulus were so arranged that any systematic 
pattern of responding would be unlikely to yield an above-chance score, 
other than correct responding. 
Prior to analysis by Gellermann (1933a,ijsuch series 
were determined randomly in an attempt to remove the possibility of some 
systematic behaviour to an irrelevant attribute of the stimulus materials 
producing a better or a worse than chance score and to prevent the appearance 
of such behaviour by accidental reinforcement. Gellermann argued that 
such methods often allowed various incorrect response habits to produce an 
accuracy of performance as high as 70% due to the faulty selection of orders 
for the stimuli. Accordingly, he laid down (193~ five criteria necessary 
to ensure a random sequence and selected 44, 10-trial series which satisfied 
the criteria. Thereafter, his sequences were used widely in the selection 
of stimuli for two-choice simultaneous discrimination learning task. 
Since Gellermann's paper interest in the presolution 
behaviour of subjects in discrimination taakshas grown and considerably 
more sophisticated methods for analysing the various patterns of responding 
they develop have been devised. Fellows (1965, 1967), working largely from 
Levine's (1963) expansion of Harlow's error factor analysis (Harlow, 1950, 
1959) and from further work by Bowman (1963) and Levinson and Reese (1963) 
applied a combination of these methods to the Gellermann series and found 
that (a) they failed to ensure that no position hypothesis would produce 
other than chance performance on the learning curve and that (b) they failed 
to prevent the differential reinforcement of position hypotheses. He 
accordingly developed an amended series (1967) and it is this series which 
was used here. 
The series specifies the positioning of the correct 
stimulus on each trial for two-choice slides only where, in the matching 
to sample case, the configuration is always tripngular thus: 
A 
A C 
and the centre lower panel always blank. It provides controls against the 
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two problems noted above for several types of response habits. The best 
way to describe these is in the form of a table; it is adapted from Fellows 
( 1968) (Fiiure 7.2). 
Eigure-- 7.2 
Response patterns involving first responses to the lower 
panels only, after the appearance of a slide (adapted from Fellows, 
1968) 
Response on Outcome Response on Slide Description Label 
Preceding Slide under analysis 
Rm 
Ro 
P1 + P1 
P1 P2 
P1 + P2 
P1 P1 
P1 P1 
P1 P2 
For explanation see text. 
Matching 
Oddity 
Responding 
Win-Stay 
Lose-Shift 
Win-Shift 
Lose-Stay 
Posit ion 
M 
o 
W 
L 
Perseveration PP 
Posit ion 
Alternation PA 
The first column of the ~ shows the response made on the slide preceding 
the response under analysis. (The analysis is restricted to the first response 
to the lower panels after the appearance of the slide). The abbreviation 
'P1' is the position responded to on the previous slide; 'P2' the position 
not responded to. 
The second column shows the coutcomes of the response 
on the preceding slide and the third column the response under analysis. Rm 
denotes the response was a correct match; Ro a response to the non-matching 
or Odd stimulus. Conventional descriptions and abbreviations are given in 
the third and fourth columns. 
Using the method, a series of 36, two-choice matching 
to sample slides (see Appendix 2) was prepared from the slides used in 
Experiment 1. Additionally, controls were made against the possible accidental 
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,reinforcement of, and bias in the results from, habits of stimulus 
; 
perseveration. The control consisted of arranging the stimulus pictures 
so that each picture appeared equally often in either left or right positions 
and as the correct or incorrect stimulus; the order of their appearance was 
determined randomly. The sequences were than checked to ensure that no 
systematic response to one picture alone would produce above or below chance 
responding. 
The transcribed raw data were malyzed in line with the 
conventions of Figure 1.2 and with the conventions described earlier so 
that eaCh response Which had caused the Touch Tutor to operate(1) was 
categorized as an instance of one of the response patterns described in 
Table 1.1. It will be appreciated that one response may be described under 
a number of patterns. The beauty of the Fellows' series was suCh, however, 
that a run of responses could be caused by only one of the 'hypotheses' 
(or extremes of chance). 
Description of the data concerning Top and Subsequent 
. -
responses could not be made on the basis of previous research but had to be 
made on the basis of apparent differences in the patterning of these 
responses, in conjunction with hypotheses about possible patterns derived 
from the observations of children made during Experiment 1. Thus, in the 
case of Top responses, three kinds of such response were noticeable, of 
Which the first was of particular interest in the light of the intended 
effects of the Instructions on the children. The first kind of Top response 
occurred as the first response a child made to the Top panel of the machine 
after a slide had appeared. Some children, however, responded to a lower 
panel after a slide had appeared, making a Top response their second 
response to the slide. This was the second kind of Top response. Thirdly, 
and less fre~~ently than these, Top responses were made after a response to. 
each of the two lower panels, so that the Top response was the third response 
of the slide. On occasions, Top responses were made after a number of 
responses to the lower panels had been made. They were then classified as 
responses of the third type of Top response. Occasions also occurred When 
;. (1) Or rather, which should have oau.sed it to operate. One of the problems 
of the Touch Tutor was that it did not alw~s respond to the touch a 
Child had made, sometimes because the child's fingers was dry and no 
electrical contact was made. The author, therefore, as a matter of course, 
used h:and-held buttons to trigger the machine as the child made his 
first response to the lower panels. The effect of this was in no way 
different from the intended mode of operation of the machine. The 
procedure was useq in all Experiments described in this and in the 
preceding Chapter. 
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a Top response and a response to a lower panel were made simultaneously by 
the child using two hands. These were classified as Top responses of the 
first kind. Illustrations of these three types of Top response are given 
in Figure 7.3, together with the abbreviations given to them by the author. 
Figure 7.3 
Examples of three types of Top response 
Time base 
(seconds) : 
Example 
No~:: Abbrev. 
1 "TBIt 
2. "BT" 
3. "B •• T" 
4. "B •• T" 
5· "TB" 
Top panel responses Bottom panel responses 
o 1 2 3 4 5 •. o 1 2 3 4 5 5t 6! Next Slide 
T •• L •••• 
L •• T •• 
L •• R •• T •• 
L ••••• R ••••• L •• T •• 
T •• R •• T •• L •• 
Key: The abbreviations 'T', 'R', etc. refer to 'the different panels 
of the Touch Tutor, as in Figure 7.1, and the dots indicate the 
duration of a:,response • 
.. Figure 7.3 shows examples of Top response of different 
kinds. The first three examples are straightforward. Example 4 shows a 
case of rep~ated responding to the lower panels with a Top response 
occurring at the end of the slide. Example 5 Shows an occasional phenomenon; 
the child made more than one response to the Top panel of the Touch Tutor. 
In this case, and in all others like it, the first Top response would be 
recorded and classified and the remainder would be 'ignored'. All 
occurrences of Top responding were classified under one of these three 
headings. 
There were many occasions upon Which children made responses 
to the Touch Tutor after making a Top and a Bottom response or, if no Top 
response were made, after making one Bottom response. These were designated 
'Subsequent' responses. Some difficulty in interpretation was posed by 
unbroken touching of a panel for several seconds; the convention followed 
was to regard such touching as one response unless it lasted for two seconds 
or more, when it was regarded as an example of a Subsequent response. This 
time limit was based on the fact that discrete reponses tended to last for 
approximately one second, in Whichtase a two second response would be 
comparatively long. 
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Subsequent responses posed extreme difficulties of sub-
classification. Examination of the data and attempts at classification 
eventually suggested the value of four categories of Subsequent response 
with one further category for difficult-to-classify responses. The first 
of these four types of Subsequent response was designated the 'Simple' 
('S') type and comprised instances of such responding which occupied no more 
than the first 3t seconds of a slide, after the first Bottom response of 
a slide.. This period corresponded to the machine speaking, if a correct 
response had been made. '!he second type was designate the 'End' ('E') 
type and comprised instances of subsequent responding occ~pying the whole 
of the slide and ending as the slide disappeared. The third type was 
designated the 'Past End' ('PE') type and included instances of responding 
continuing into the next slide. The fourth type, designaged the 'Confirmatory' 
('C') type (because they had the character of being confmrations that the 
machine was actually working!) were cases in Which one or two isolated 
responses were made near the end of a slide, after the middle period of the 
slide had contained no responding. Subsequent responses which could not, 
accurately be classified were labelled 'Other' ('0'). All instances of 
Subsequent responding were classified in one of these five ways. OccaSionally, 
children made more than one response to the Top panel of the Touch Tutor 
before responding to one of the lower panels; these were infrequent 
occurrences and were disregarded. 
Figure 7.4 shows examples of these different types of 
Subsequent responses. 
Figure 7.4 
. Examples of five types of Subsequent responding 
Time base (seconds): 0 ·1 2 '3 ·4 5 5t 6i Next slide 
Example 
No.: . f ~ 
1. "s" L •• T •• R ••• 
2. . "S" L ••••• R ••••••• 
3· "S" R •• R •• L •• T •• T •• 
4· "E" R •••••••• L •••••••••••••• 
5· "E" L ••• T ••• R~.T •• R •• L •••••• 
6. "PE" R ••• L •••• T •••••• T •• L ••••• ' L •••••••••••• 
7· "C" , R. ~T •• R •• 
8. "0" R •••••••• L •••••••• 
9· "0" R •• L •• R........ L •• 
Examples 4 and 5 Show typical instances of responses of 
type 'E', as do examples 6 and 1, of types 'PE' and 'C'. Example 8 shows 
a case in Which it is difficult to say Whether the response should be 
designated as 'E' or not. Example 9 Shows a case in Which it is difficult 
to say whether the response should be designated as 'E' or 'C'. In general, 
'0' responses were cases in Which responding continued into the period 
between the 3t second point and the end of the slide; some cases did occur, 
however, as in example 9, of confusion being due to a brief gap in responding 
at about the 4i second point. 
Two further points about Subsequent responses should be 
noted. Firstly, only one T,ype of Subsequent response was recorded for each 
slide. Thus, the rule adopted for this was to regard 'PE' responses as 
predominant over 'E' responses, and 'C' ci.ver 'S'; where, therefore, two 
of these occurred on the same slide, the 'predominant' one was recorded. It 
may be noted that 'E' responses were nearly always present When 'PE' responses 
occurred. Secondly, the above classification accounted for all types of Top 
response observed. 
We have now examined the methods used for transcribing the 
videotape recordings and those for classifying the transcriptions into 
classes of Bottom, Top and Subsequent responses, each with a number of sub-
categories. We must now mention the numerical means by Which these class-
ifications were used to describe children's performance. 
A straightforward way of describing children's performance 
would be to ~ount up the number of slides upon Which a child made a certain 
class of response during a session. For example, a child may have made a 
Top response of T,ype TB on 18 slides during a session of 36 slides; another 
child may have made such a response on all 36 slides. This method would be 
useful, particularly for Top and Subsequent responses, but not nearly so 
meaningful for responses associated with the lower response panels of the 
Touch Tutor, since each response could be described by a number of 'hypotheses'. 
An alternative way of describing Top and Subsequent responses would be to 
attempt more exact quantification of them to include the duration of each 
response and th.e number of such responses Which occur on each slide. This 
last method would, however, be difficult to perform and would not seem to 
be justified by the hypotheses so far held about the nature of these responses. 
Also, in the case of the duration of such resPonses, there would be ins~cient 
accuracy ~in the transcript ions to make an attempt meaningful. 
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One way of rescribing children's performance with respect 
to the response panels of the machine on their first response to such panels 
after the appearance of a slide would be to count up the number of successive 
instances of a particular 'hypothesis' until they began to indicate the 
presence of some pattern or 'habit' of response. Fellows has suggested (1968) 
the use of a run of 6 consecutive instances of a response habit as the 
minimum for postulating the existence of a 'habit' of responding, anything 
less than that suggesting the mere operation of chance A numerlt:.al score 
might be given from this, with a score of '1' indicating a run of 6 consecutive 
instances, a score of '2' indicating a run of 7, and so on. 
This method was adopted for the present Results. A problem, 
however, a~ises with it if a.child should break a run by one or two responses 
_ when the question arises of Whether counting should continue cumulatively 
after the run or should begin afresh. 'lhe latter course was believed the 
more legitimate and was adopted for the present Results. It may be noted 
that the probability of a consecutive run of 6 correct responses Where 
p.(correct) = p.(incorrect) = ~ is 0.016. 
Finally, during Experiments 2, 2a and 3, an event recorder 
was used as a means of providing a basic record of responding in the event 
of videotape malfunction. The device was able to record the occurrence of 
each first response to the lower panels of the machine and to Which panel 
it had been made. 
(3) Results 
(i) The Effects of the Introductory Instructions 
Tables 7.1 and 7.2 indicate, for the sessions of Experiments 
2 and 3, the numbers of slides upon which children made responses to the 
Top panel· of the Touch Tutor. Table 1.1 indicates the number of slides 
upon Which Top responses of all kinds were made; Table 1.2 indicates the 
breakdown of these into the three kinds of Top response which could be 
dist inguished •. 
It will be observed from Table 1.1 that Top responses were 
made, on average, to approximately 63% of slides in each· session, although 
the number rose in the second session for Redcourt children to approximately 
80%. A similar rise did. not occur during Experiment 2, where the mean number 
of Top responses remained similar throughout the five sessions. 
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Table 7.1 
Number of slides upon Which Top responses of all types occurred during 
Experiments 2 and 3. 
{EIperiment 2} 
Session 
Mean 
S.D. 
n. 
{EIperiment 3} 
Session 
Mean 
S.D. 
n. 
Stall in,grt on 
1 
21.46 
12.69 
13 
Redcourt 
1 
21.28 
12.72 
14 
2 
23.17 
12.84 
12 
3 
24.25 
13.81 
12 
4 5 
26.22 * 23.30 
13.17 * 14.91 
9 * 10 
* Data of two children 
'lost' through videotape 
malfunction. 
Referring now to Table 7.2, the reader will observe that 
responses to T.ype TB were more frequent than responses of other types, 
occurring on between one half and two thirds of the slides in each session, 
for both samples. Some increase in the mean number of TB responses during 
both ~iments is apparent, with no similar increase in the numbers ,of 
BT and B •• T responses occurring. It will be noticed that the number of 
children who made at least one Top response of each TYpe during each session 
was high: as the means, particularly of BT and B •• T responses, suggest, 
however, there were cases of children making just single responses of one 
~e during a session. Equally, of course, as the high standard deviations 
suggest, some children showed marked preferences for responses of certain 
types during a session, thereforahaving a markedly higher score on that 
type than other chitlren during the session. 
If the reader is interested in the idiosyncratic response 
patterns of the children who took part in Experiments 2 and 3, he should 
turn to Appendix 3 where he will find the raw scores of children on each 
type of Top response. He will there be able to see the extent to which 
children did show preferences for particular types of Top response and 
hoW these changed as the Experiments continued. Briefly surveying these 
data here, in the Stallington sample, three children (M.W., D.P., & M.K.) 
made infrequent responses throughout the Experiment to the Top panel, While 
some 5 children made Top responses on the majority of the slides of each 
session. Of these five children, 3 (V.W., H.H., & A.E.) children responded 
throughout the Experiment with a marked preference for TB responses; 
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of the two remaining children, one (J .H.) began with an equal preference 
for TB and BT responses but ended with a preference for TB responses, 
while the other, (S.H.), during the three trials for Which he took part 
in the Experiment, changed from a preference for B •• T responses to one 
for BT responses. The remaining children showed even mixtures of the 
different types of Top response, but some preferences, mainly for TB 
and BT responses, occurred particularly towards the end of the Experiment. 
Table 7.2 
Number of slides during Experiments 2 and 3 during which Top responses 
of three types were made; and the number of children (n.e.) making at 
least one Top response of each TYpe during each session. 
(Experiment 2) Stall ingt on 
§ession 1 
'IYPe of n.=13 
Top reSIlonse: 
TB Mean 12.46 
S.D. 12.53 
n.c. 10 
BT Mean 6.15 
S.D. 4.99 
n.c. 11 
B •• T Mean 2.85 
S.D. 5·27 
n. c. 7 
{Experiment 3} Redeourt 
Session 1 
n.=14 
TB Mean 11.64 
S.D. 12.66 
n.c. 12 
BT Mean 1.28 
S.D. 9.24 
n.c. 13 
B •• T Mean 2.36 
S.D. 2.50 
n.e. 9 
2 
n.=12 
13.08 
12.89 
9 
1.83 
9.05 
8 
2.25 
2·14 
5 
2 
n.=13 
18.08 
13·51 
13 
9.46 
9.64 
13 
2.69 
3.62 
9 
3 
n.=12 
15.58 
13.89 
10 
6.15 
6.12 
9 
1.92 
3.30 
6 
4 5 
n·=9* n.=10 
19.89* 18.20 
14.15* 15.92 
7* 7 
5.61* 4.00 
8.06* 1.40 
5* 5 
0.61* 2.15 
0.82* 1.78 
4* 4 
* Data of two children 'lost' 
through video malfunction 
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The patterns of Top responding which occurred in the Redcourt 
children were rather similar to those of Stallington children. Some 
children showed very few Top responses of any type, others showed preferences 
for TB responses, two showed preferences for BT responses and some children 
showed no marked preference for any type of Top response. One feature of 
the data for these children was the existence of marked increases in five 
children in TB responses during the children's second sessions. 
It is interesting to compare these complex and idiosyncractic 
patterns of Top responding with the responses of the children from the 
'Flaxley' school who took part in Experiment 2a. In this sample of normal 
children only one child made no responses at all to the Top panel of the 
Touch Tutor, while the remaining children made either 35 or 36 Top responses 
in a series of 36 slides. All the children showed a marked preference for 
one type of Top responding, with very few mixtures of responding occurring. 
, 
Although preferences were shown for both BT and TB responses, only three 
children preferred BT responses, while all the remainder preferred TB 
responses. No instance of B •• T responding occurred. Thus, responding was 
not only, on the whole, simple, with children showing marked preferences 
for one type of Top response but it was, in the majority of children, 
as demonstrated by E. 
The results obtained with these children of normal ability 
emphasize the seeming lack of control exercised by the Introductory 
Instructions over the S.S.N. children's responding in the early stages 
of the Experiment. There is a suggestion from the Results that this 
control increased as Experiments 2 and 3 continued, inasmuch as the Top 
responding of type TB increased towards the end of Experiment 2 and in 
the second session of Experiment 3, but this was only in the case of a 
few children. It would, therefore, seem that the demonstration of Top 
responding was of limited value to the groups of S.S.N. children as wholes, 
in that Top responses were made, on average, to only 60% of slides in each 
session, approximately, and in that, if they were made, they were not 
necessarily made in the manner demonstrated by E., the variant types of 
BT and B •• T responses accounting for approximately one third to one half 
of all Top responses made. 
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'!he aim of inducing children to touch the Top panel of the 
machine before the bottom ones was to help them to make correct responses. 
It is, therefore, interesting to discover whether correct responses were 
made more often after Top responses, particularly of TYPe TB, than after 
no response to the Top panel had been made on a slide. 
Table 7.3 shows a breakdown of the Top responses made during 
Experiments 2 and 3 into those made on slides on which a correct response 
was made and those on which a correct response was not made. 
Table 7.3 
The number of slides upon which Top and Correct responses occurred during 
Experiments 2 and 3. 
Experiment 2 (Stallington) 
Top responses Not Top responses 
Correct Incorrect Correct Incorrect 
Session 1 Mean 14.61 6.85 7.54 7.00 
n.=13 S.D. 11.83 5.39 6.63 6.79 
Session 2 Mean 15.58 7.50 7 50 5.42 
n.=12 S.D. 11.49 5.99 7.09 6.70 
Session 3 Mean 18.17 6.08 6.58 5·17 
n.=12 S.D. 12.94 4.94 7.85 7.25 
Session 4 Mean 21.44 4.89 5.67 4.00 
n.=9* S.D. 14.07 6~07 7.13 6.31 
Session 5 Mean 21.10 2.20 6.70 6.00 
n.=10 S.D. 12.20 2.44 7.50 7.52 
. * Data of two children 'lost' through videotape malfund ion. 
meriment 3 ~Redcourt} 
( . ~~. Top responses Not Top responses 
Correct Incorrect Correct Incorrect 
Session 1 Mean 13.14 8.14 5.28 5.78 
n.=14 S.D. 9.74 4.94 5.77 5·02 
Session 2 Mean 19.69 10.54 2.92 2.85 
n.=13 S.D. 8.84 5.80 4.05 4.55 
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Table 7.3 shows that Top responses, when they were made, were 
not always associated with correct responses to the lower panels of the 
Touch Tutor. Rather, approximately one third of them were associated 
with incorrect responses. On the other hand, the results show that 
rather more correct responses than incorrect responses were made When 
Top responses were made, than When they were not made. Therefore, 
although one is led to doubt that Top responses did generally have the 
desired effect of encouraging correct responses, there would seem to be 
some association of such responses with correct responses. 
Since some Top responses (types BT and B •• T) were made 
after responses to the lower panels, one might imagine them to be less 
likely to be associated with correct responses than responses to type TB, 
which were made before responses to the lower panels. Table 7.4 shows 
the breakdown of Table 7.3 into the three types of Top responding and the 
numbers of correct and incorrect responses Which were made in conjunction 
with them. 
Table 7.4 
The number of slides upon which three types of Top response and Correct 
responses occurred during Experiments 2 and 3. 
~eriment 2 (Stallingion) 
T,ype of Top response TB BT B •• T 
Correct Incorrect Correct Incorrect Correct Incorrect 
Session 1 Mean 
n.=13 S.D. 
Session 2 Mean 
n.=12 S.D. 
Session 3 Mean 
n.=12 S.D. 
Session 4 Mean 
n.=9* S.D. 
Session 5 Mean 
n =10 S.D. 
10.23 
12.03 
11.33 
12.26 
13.33 
12.60 
17·44 
13·90 
17·70 
15.82 
2.23 
2.89 
1.83 
2.30 
2.25 
3.63 
2.55 
5.21 
0.50 
0.92 
3.15 
3.06 
3.67 
4.03 
4.58 
6.09 
4.00 
7.38 
3.10 
7.12 
3.00 
2.69 
4.00 
4.95 
2.17 
1.52 
1.67 
1.94 
0.90 
0.77 
1.23 
2.89 
0.58 
1.19 
0.25 
0.60 
0.00 
0.00 
0.30 
0.64 
* Data of two children 'lost' through videotape malfunction 
1.61 
2.47 
1.67 
2.10 
1.67 
3.27 
0.67 
0.82 
0.80 
1.21 
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ExEeriment 3 {Redcourt} 
T,ype of Top response TB BT B •• T 
Correct Incorrect Correct Incorrect Correct Incorrect 
Session 1 Mean 8.64 3·57 3.57 3·71 0.93 1.43 
n.=14 S.D. 10.)0 5.04 5.73 3.81 1.58 1.50 
Session 2 Mean 13.46 4.62 4.92 3.54 1.31 1.38 
n.=13 S.D. 11.64 6.02 5·74 4.40 1·94 1.98 
A constant and clear tendency for responses of type TB to be 
more frequently associated with correct, rather than incorrect responses, 
and for responses of types BT and B •• T not to be associated, will be 
observed in Table 7.4. As Experiment 2 progresses, however, approximately 
twice as many correct responses as incorrect responses are made in 
association with BT responses. The data suggest that although the two 
samples of children are similar in this association of correct and 
incorrect responses with Top responses, Stallington Show a stronger 
association than do Redcourt. 
A useful summary statistic for these data is the correlation 
coefficient. In Table 7.5 correlation coefficients between Top responses 
of all kinds and the total number of correct responses made during each 
session, and between Top responses of type TB and correct responses are 
presented. 
Table 7.5 
Spearman rank order correlation coefficients (rs )' corrected for ties, 
between TOE resEonses and correct resEonses and between TB resEonses 
and correct resEonses during ExEeriments 2 and ~ 
~eriment 2 {Stallington) 
All TOE resEonses TB resEonses 
r p.* r p.* S s' 
Session 1 n.=13 +0.68 0.01 +0.77 0.01 
Session 2 n.=12 +0·57 0.10 +0.76 0.01 
Session 3 n.=12 +0.66 0.02 +0.64 0.05 
Session 4 n.=9** +0.82 0.01 +0.61 0.10 
Session 5 n.=10 +0.91 0.001 +0.94 0.001 
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Experiment 3 (Redcourt ) 
All Top responses TB r e spon ses 
r 
s 
p . * r 
s 
p . * 
Session 1 n . =14 
Session 2 n . = 13 
+0 . 66 
+0 . 47 
0 . 02 
0 . 20 
+0 . 63 
+0. 51 
0 . 02 
0 . 10 
** 
* All probabilities given are for a two-tail ed test. The l evels 
shown are the minimum probabilities of occurrence of th e correl at i on 
··oefficients . 
Data of two children ' lost ' through videotape malfunction . 
Table 7. 5 shows the existence of significant poait .i ve 
correlations between Top and Correct and between TB and Correct r e sponses 
for the majority of sessions of Experiment 2 and for Session of 
Ex:periment 3. The strengths of the correlations of all Top r e sponses 
and TB responses with correct responses are generally similar , although 
some differences are apparent . Redcourt s eems to show slightly l ess 
correlation of these variables than Stallington. 
The correlation coefficients for th e variable s BT and B •• T 
and Correct responses suggested no association of these var i ables , the 
values of these ranging from approximately +0 . 20 to -0 . 20 . Similarly, 
B •• T and Correct responses were not corniated. 
These data have not in~~cated individual modes of r e sponse 
in relation to these variables . Table 7 . 6 provides rome information on 
the behaviour of individual children with respect to the association of 
Top responding of the various types and correct r e sponding . ~e Tabl e 
shows the performances of children which seemed to show a significant 
differen£J ) in the numbers of correct and incorrect r esponses made in conjunc-
tion with Top responses . 
• ( 1) The writer had quite lengthy discussion with math ematicians and 
statisticians about the legitimacy of applying statistical tests to the 
successive output of individual subj ects . They argue that , by th e very 
fact of responses being made by the same subject , the data to which a 
test would be applied would violate the assumption of independence of 
observations which underlies such tests . The writer maintained, in these 
discussions , that although such data must necessarily have certain f eatures 
in common , by virtue of being emitted by the same person, successive 
responses may be thought of as random in relation to particular stimuli , 
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Table 7.6 
Top responses associated with correct and incorrect responses during 
Experiments 2 and 3 
Experiment 2 (Stallington) 
Session 1 2 3 4 5 
J.B. 
v.w. 
5']). 
J.H. 
:A.E. 
S.H. 
M.J. 
D.C. 
TB(C) 
TB(C) 
TB(C) 
BT(C) 
n.=12 
B •• T(I) 
TB(C) 
TB(C) 
TB(C) 
n.= 12 n.=9* 
TB(C) TB(C) 
TB(C)jBT(C) TB(C)jBT(C) 
TB(C) TB(C) 
TB(C) TB(C) 
BT(C)jB •• T(I) 
TB(C) TB(C) TB~Cr TB(C) 
Total 'countable' 1 cases in Whole sample: 
Response type: TB 7 
BT 6 
B •• T 2 
7 
6 
3 
7 
5 
1 
7 
2 
o 
n.=10 
BT(C) 
TB(C) 
TB(C) 
TB(C) 
TB(C) 
TB(C) 
6 
2 
o 
* Data of two children lost through videotape malfunction 
and hence independent. He adopts this pa:ition here, arguing that it is 
reasonable to look upon the distribution of correct and incorrect 
responses ina number of instances of Top responses in binomial terms 
Where p.(correct) = p. (incorrect) = 0.50; and that the Binomial Test 
may, therefore, be used to assess the probability of given numbers of 
incorrect and correct responses occurring by Chance. In Table 7.6 
(and in Table 7.9, in Which a similar argument is used to assess the 
correspondence of Subsequent and correct responses) correct or incorrect 
responses are regarded as having particular association with Top responses 
if, on the Binomial Test (Siegel, 2£. £ii~ pp.36-42) the two-tailed 
probability of a number of correct and incorrect responses occurring by 
chance is equal to or less than 5%. The minimum number of Top responses 
to Which the Binomial Test can be applied is 6; 'countable' instances 
are therefore those of at least 6 Top responses in a session. 
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, -. Table 7.6 (continued) 
Experiment 3 (Redcourt) 
Session 1 2 
n.=14 n.=13 
H.S. TB(C) 
R.C. TB(C) TB(C) 
A.R. TB(C) 
P.J. TB(C) 
C.L. TB(C) 
Total 'countable' (1) cases in"sam;Qle: 
Response type: TB 6 10 
B.T. 5 7 
B •• T 3 2 
Key: Letters outside brackets denote type of Top responding. Letters 
inside brackets denote Whether Correct (C) or Incorrect (I) 
responses were significantly(1) more frequent during a number of 
Top responses. 
Table 7.7 shows systematic, individual patterns, of 
Top and correct responding with 4 Stallington Children showing significant 
associations of correct and TB responding in each of their sessions, one 
Child showing such association in the last three sessions and most of 
the remaining Stallington Children showing no such associations. Only 
two instances of incorrect responses being significantly associated 
with incorrect responses occurred and, When they did occur, they were 
in connection with B •• T responses. Few occasions of BT responses 
showing an association with correct responses occurred, although, for 
the first three sesions, almost as many countable instances of them 
occurred as occurred of TB responses. 
In the Flaxley sample, as has been remarked, nearly 
all the Children made responses of type TB on all slides. Not all 
the children, however, made correct responses on these slides. Of 
the 24 Children Who made 35 or 36 Top responses (of all types) in a 
session, 9 of them made 22 or fewer correc,t responses; of the 19 
children maki~ 35 or 36 TB responses, 5 made 22 or fewer correct 
responses. Such high Top responding without concomitant correct 
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responding was not so marked a feature of the responding of S.S.N. 
children in general; there were, however, some cases of such independence 
of Top and correct responding, notably in one child (S.R.) durin g the 
first session of Experiment 2, in two children during both sessions of 
Experiment 3 (C.B, and A.G.)and in two children during Session 2 of 
that Experiment (B.W. and R.F.). 
Before leaving this discussion of the effects of the 
introductory Demonstration by E. upon the children's responding we 
must briefly note the effect of the two different conditions of this 
Demonstration during Experiments 2 and 2a upon the ex~ent of t~ching 
each of the response p~els in turn. 
'Ihe number of slides upon which children touched the 
,,-
Left, Top and Right'panels at least once, in any order( were noted 
(see Appendix 3) and the data analyzed by the Mann Whitney 'U' Test. 
No significant differences (p. -=. 0.05, 2 tailed) occurred during any 
session of Experiment 2 (Session 4 was not analyzed owing to the lack 
of data for two children) nor during Session 1 of Experiment 2a. 
It is, therefore, concluded that this type of responding 
was unaffected by demonstration with. two-choice, rather than one-choice 
slides and that, on this basis, this particular aspect of responding 
was not primarily due to the use of one-choice slides for instruction. 
Summarizing iUs section of the Results, two main aspects 
of Top responding have been discussed relating, firstly, to the extent of 
Top responding in its different types and, secondly, to the relation of 
such responding with correct responding: 
(1) Top responses were not a feature of all slides completed by 
either Redcourt or Stallington children, occurring on approximately 
60% of slides in each session of Experiments 2 and 3. Top responses 
of the type demonstrated by E. ('TB' responses) occ~rred more frequently 
than variant types by the latter accounted for approximately one third 
of all Top responses made. '!he grouped data hid idiosyncratic patterns 
of responding in which .children showed variations in the number and 
type of Top responses they made •. Normal children in the Flaxley sample 
showed more frequent Top responding than the S.S.N. children in the 
Stallington and Redcourt samples, with marked preferences for one type 
of Top responses, rather than for a mixture of types. ~preferred 
TB responses to other types. 
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(2) Top responses, When they were made, were not always 
associated with correct responses to the lower panels, and neither 
were Top responses of type TB. However, Top responses were more often 
associated with correct responses than with incorrect responses, in 
comparison to those slides upon which no Top response had been made. 
Closer examination of the association of different types of Top 
responses revealed that only TB responses were more often followed 
by correct than by incorrect responses, however, responses of types 
BT and B •• T being, general, as equally often associated with correct 
as with incorrect responses. Correlation coefficients were computed 
for Top responses of all kinds and correct responses, for TB responses 
and correct responses and for BT and B •• T responses and correct 
responses. Significant positive correlations existed between Top 
and TB and correct responses, for the majority of sessions of ~ Experiment 
2 and for the first session of Experiment 3', but no correlation between 
BT and B •• T and correct responses was found. Examination of: Top and 
correct responding for individual children gaY-e a similar picture 
to that given by the grouped data, and added to it the fact that 4 
Children in the Stallington sample showed associations of TB and 
correct responding over the Whole of the Experiment. Data from the 
'Flaxley' children were once again considered. Although many of these 
children showed a strong association of correct and Top respnses of 
all kinds and Top responses of type TB, approximately one third of the 
children responding with Top responses on practically all their slides 
did not respond with correct responses on them all. 
Finally, giving children :introductory demonstrations of 
responding with two-choice rather than,with one-choice slides had no 
effect upon their touching of each panel in turn. It was concluded 
that this aspect of responding was not primarily caused by the use 
of one-choice slides for instruction in the use of the Touch Tutor. 
(ii) Repeated ('Subsequent') Touching of the Touch Tutor's panels. 
The aim of this section of the Results is to provide 
data concerning, firstly, the occureence of the behavior of 
'repeated touching' and, secondly, the circumstances of occurrence 
of this pattern of responding in relation to aspects of the Touch 
Tutor's mode of operation. Repeated or 'Subsequent' responding 
has already been defined and four 'types' distinguished. 
Table 1.1 shows the occurrence of Subsequent responses 
of all kinds in each of the sessions of Experiments 2 and 3J Table 
-176-
7.8 shows the breakdown of these totals into the four main types of 
Subsequent response. 
Table 1.7 
Numbers of slides upon which Subsequent responses of all types were 
made in Experiments 2 and 3 end the numbers of children (n.c.) 
making at least one Subsequent response during each session. 
E!.2er1ment 2 ~Stallint:!iton) 
Session 1 2 3 4 5 
n ... 13 n.=12 n.-12 n.-9* n.-10 
Mean 20.85 16.92 13.11 ,8.11* 10.50 
S.D. 12.78 11 .29 9.54 8.32* 10.28 
n.c. 11 10 11 7* 9 
E!.2er1ment ~ ~Redcourtl * Data of two children lost 
Session 1 2 through videotape fault. 
n.-14 n.-13 
Mean 19.86 22.38 
S.D. 12.61 12.31 
n.c. 14 13 
Table 7.1 shows the widespread occurrence of Subsequent 
responses in both samples with such responses occurring, on average, 
on approximately half the slides and being shown by the majority 
of children. A marked similarity between the two samples in terms of 
the number of Subsequent responses made exists at the beginning of 
each Experiment, although the similarity lessens somewhat in the 
second sessions. A decrease in Subsequent responding is apparent 
in the Stallington children as Experiment 2 proceeded. 
Table 7.8 shows that the decrease in Subsequent 
responding which was apparent during Experiment 2 occurred in all 
the types of responding. Similarly, the increase in Subsequent 
responding which occurred in the Redcourt children's second session 
included increases in all the types. 
Throughout Experiment 2 responses of type 'E' were the 
most frequently displ~ed,.while responses of type'S' on the whole 
enjoyed second place in frequency of occurrence. The Redcourt data 
are rather dissimilar, showing a higher occurrence of type '5' 
responses and a lower occurrence of type 'E'. 
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Table 7.8 
Number of slides durinS Experiments 2 and ~ uEon which instances of 
four tlEes of Subseguent resE2ndins occurred and the numbers of 
children ~n.c.~ showing at least one instance of such resEondinS' 
~eriment 2 ~Stallinstonl 
Session 1 2 3 4 5 
n.-13 n.-12 n.-12 n.-9* n.-10 
Type '5' Mean 4.62 4.08 4.25 2.89* 2.20 
S.D. 7.53 5.45 3.47 5.09* 2.44 
n.c. 8 9 10 6-* 5 
Type 'E' Mean 7.46 9.58 6.75 4.11* 4.50 
S.D. 8.10 10.43 6.43 5.61* 7.09 
n.c. 9 9 10 5* 6 
Type 'FE' Mean 5.23 1.83 0.11 0.00lt- 1.20 
S.D. 8.85 4.12 0.55 0.00lt- 3.60 
n.c. 4 2 1 ()lI- 1 
Type 'e' Mean 1.62 1.08 0.75 0.33* 2.00 
S.D. 2.56 1.44 0.92 0.67* 2.68 
n.c. 6 5 6 2* 5 
'Other' Mean 1.92 0.33 1.25 0.7~ 0.60 
S.D. 2.62 0.74 2.49 1.87- 1.80 
n.c. 7 2 3 2* 1 
§xperiment 3 ~Redcourt~ * Data of two children 
Session 1 2 lost through videotape 
n.-14 n.-13 . fault. 
Type '5' Mean 12.93 14.54 
S.D. 10.33 11.45 
n.c. 14 13 
Type 'E' Mean 2.86 4.62 
S.D. 2.85 5.82 
n.v. 10 10 
Type FE' Mean 0.43 0.62 
S.D. 1.29 1.42 
n.c. 2 2 
Type 'e' Mean 0.71 0.92 
S.D. 1.16 1.14 
n.c. 5 6 
'other' Mean 2.93 1.69 
S.D. 3.71 1.59 
n.c. 10 9 
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These two Tables provide a useful summar,y picture of the 
frequencies of Subsequent responding. Of course, they do not show 
changes in the responding of individual children over time nor the 
combinations of the different types of responding which children 
adopted. As was the case for Top responding, it is not proposed 
to devote much space here to a description of the performance 
of individual children. Nevertheless, it is or interest to consider 
the behaviour of some of the children individually. 
In the Stallington sample, two children (M.I. and D.C.) 
made virtu~ no Subsequent responses throughout the Experiment. 
Many of the remaining children made a mixture of types of 
Subsequent response, although there were often preferences for one 
or two types in comparison to the others. Some children showed 
marked preferences. Thus, M.W. preferred 'E' responses throughout 
the Experiment, making these on approximately half the slides in each 
session snd making few responses of any other type. V.W. similarly 
preferred'S' responses, while D.P. and H.D. preferred 'PE' 
responses. In the case of these last three children, however, this 
preference was strong only at the beginning of Experiment 2, dropping 
from 22 to 2 responses in the case of V.W. and changing 
to preferences for 'E' responses in the case of H.D. and D.P. 
In the Redcourt sample, a similar picture of children 
showing a mixture of types of Subsequent responses, but with 
marked preferences, occurred. As is suggested by Table 7.8, 
however, children tended to prefer'S' responses. No child 
showed marked preferences for 'E' responses over any othe~ype, except 
in the second session when two children showed such preferences, and 
few instances of 'PE' and 'C' responses occurred. All children 
showed at least one instance of Subsequent responding. 
The overall picture presented by these data is one of 
complexity. These children made responses to the panels of the 
Touch Tutor which were not essential (although the children 
may have believed that they were) for its operation on, for average, 
approximately half the slides in each session. Moreover, these 
responses were not clear-cut ones, but were ones which have presented 
extreme problems of classification. 
Faced with this problem of diverse pattern, some necessity 
for 'explanation' may 8e felt. Why these S.S.N. children should 
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exhibited 'Subsequent' responses, in such diversity, would seem an 
important question. 
The classification system adopted for these responses arose 
primarily from inspection of the transcribed records. It also, 
however, bore some correspondence to the Touch Tutor's mode of 
operation, with some responses ('5' responses) corresponding 
to the period of a few seconds from a touch to the response panels of 
the machine to the machine speaking and some ('E' responses) ending 
as the slide changed. One could, therefore, hypothesize that these 
events were 'controlling' Subsequent responses, rather in the way 
that the click of a light switch and the subsequent appearance of the 
light terminates the action of operating the switch b.r signifying that 
the response has been 'effective,.(1~ To test such an hypothesis 
one would need to consider the extent to which children's Subsequent 
responses were associated with certain stimulus events. Let us 
now do this for the present data. 
One could expect, were it the case that the stimulus event 
of the machine speaking were an important determinant of Subsequent 
responses, that responses of types '5' and 'E' would be respective~ 
confined to slides upon which correct and incorrect responses had been 
made. Inspection of the results revealed that such a state of affairs 
did not generally exist. Most of the Subsequent responses of these 
types which children made were divided equally between correct and 
incorrect responses. There were some occasions, however, when it seemed 
that such responses were being made only in conjunction with correct or 
incorrect responses. Table 7.9 shows when such occasions(2)occurred 
and with which types of Subsequent response they were associated. 
(1) It is interesting that University students, and adults and children 
seeing the Touch Tutor on 'Open D~s' have often, if asked.to 'make 
the machine speak', shown similar response patterns to those which 
these S.S.N. children have adopted. Such people were apparently 
searching for the w~ to 'make it work' for the simple command: 
'Just touch the panel once', if understood, would often remove these 
patterns completely. Asked about their behaviour, such people had 
usual~ been looking for Whatever 'switch' operated the machine and, 
being unable to locat'c,it, had been encou~ed to persist in some 
responses by the contingent operation of the machine on some of these 
responses. Unfortunately, the only obvious 'reaction' of the machine 
in such cases was either the slide-change or the machine speaking and 
so these (and not the detection of a touch by the machine) became the 
reinforcement - ~videnc~ that a touch had caused the machine to operate. (2) See footnote on pp. 171,172. 
"-
. 
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The presence of a performance in the Table m~ be taken as meaning 
that a sianificantly different (p.<O.05, two-tailed) number of 
correct and incorrect responses (on the Binomial Test) were associated 
with Subsequent responses of a particular type. Occasions when 
children responded with at least six instances of a type of Subsequent 
response without showing a significant preference for correct or 
incorrect responses are also shown in the Table. 
Table 7.9 
Subsequent responding of types'S' and 'E' associated with correct 
and incorrect responding in Experiments 2 and ). 
E!.eeriment 
Session 
M.W. 
J.B. 
V.W. 
P.D. 
J .H. 
H.H. 
A.E. 
S.H. 
M.J. 
H.D. 
D.P. 
E!.eeriment 
Session 
R.C. 
S.G. 
M.W. 
A.R. 
P.J. 
R.W. 
B.W. 
C.B. 
R.F. 
S.B. 
C.M • 
2 ~Stalline;ton~ 
) 
1 2 
n.-1) n.-12 
E E 
E(I) E(I) 
S S 
S;E(I) E(I) 
E E 
S SCI) 
S 
S SCI) 
E 
E 
E(C) E 
~Redcourtl 
1 2 
n.-14 n.-13 
S(C) S(C) 
S(C);E S 
S S 
S 
5 5jE 
S;E E 
SCI) 5(I) 
5 5 
5 
5 
E 
5 
3 
n.-12 
E(I) 
E 
5 
4 
n.-9*-
E(I) 
E 
5 
n.-10 
E(I) 
E(C) S 
S S 
5jE(I) 
S;E(I) 
* 
* 
S 
E 
* Data of two children lost 
through videotape fault. 
-181-
Table 7.9 (continued) 
Key: Letters outside brackets denote type of Subsequent responding 
associated with a significant (see text) difference between correct 
and incorrect responses. Letters inside brackets denote whether 
Correct (C) or Incorrect (I) responses were the more frequent. Letters 
standing alone indicate the existence of six or more responses of a 
particular type during a session. 
Table 7.9 suggests that there were occasions when 
Subsequent responses of types '5' and 'E' might have been influenced 
by whether the machine had spoken or not. In the majority of cases 
the apparent effect of the machine speaking was in the predicted 
direction; that is, that 'E' responses more often followed 
Incorrect than Correct responses and that '5' responses were more 
accompanied by Correct than by Incorrect responses. Notab~, however, 
exceptions occurred - for example, in the performances of J.H. 
(Session 3), D.P. (Session 1) and B.W.- when the associations were 
reversed. 
In general, although there were occasions when 
'S' and 'E' responding was associated with correct or incorrect 
responding, there were sufficient instances when no such association 
was evident for us to doubt that the machine speaking was a general 
cause of these Subsequent responses. stallington children produced 
15 instances during Experiment 2 of'S' responding of' six or more 
slides per session, of which only. two showed a significant association 
and 21 instances of 'E' responding, of which 11 showed any association. 
Redcourt children showed 17 instances of '5' responding, of which 
5 showed any significant association and 5 instances of 'E' responding 
of which none showed an association. Moreover, some of these 
significant associations were not in the expected direction. Therefore, 
although these data offer some evidence towards the belief that an 
important determinant of 'E' and '5' responses was the machine speaking 
the generality of this belief is questionable. 
Turning now to the event of the slide-change, it is clear 
that this was generally effective in controlling responding. O~ 10 
instances of 'PE' responding occurred in Experiments 2 and 3 and these 
were confined to five children, two of whom made five or fewer such 
responses in each session. The remaining children in the samples 
I 
made no responses after the slide had disappeared. Interestingly, 
one child (M.J.) made '3 out of 14 'PE' responses after incorrect 
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responses in the one session he spent in Experiment 2. 
Commenting, lastly, on type 'C' responses, the 
impression one gained from watching some of the children was that 
such responses we~e being made when children were waiting, after a 
response, for the slide to change and, having come suddenly to the 
idea that their touch had been ineffective in triggering the 
mechanism of the machine, they would touch the panels once more. 
It would, however, be difficult to test this belief about the 
nature of 'C' responses, so that it must be taken only as a 
suggestion about such responses, in the absence of a more satisfactor.y 
explanation of them. 
Summarizing this section of the Results, it has been 
shown that Subsequent responses occurred on approximate~ half the slides 
completed by children in Experiments 2 and 3. Most of these 
responses were o£ types'S' and 'E', but individual preferences 
for other types did occur. In some cases it seemed that'S' add 
'E' responses were associated with either correct or incorrect 
responses but maQ1 instances of such responses occurred which 
showed no such association. The low occurrence of 'PE' responses 
suggested the effectiveness of the slide-change in controlling 
responding. ·Responses of type 'C' were briefly discussed. 
Before leaving Subsequent responses mention should be made 
of the extent of such responding in the Flaxley sample • As 
might be expected Subsequent responding was ver.y much simpler in 
these children. Of the 25 children studied 11 made no Subsequent 
responses whatsoever and 8 made 1 or 2 responses (usually of 
types'S' and 'E') during their first session. Of the remaining 
6 children, 4 made responses on 34-36 slides of one particular 
type (3 chose'S' responses and one chose 'PE' responses), 
one responded with a mixture of 16 'S', 12 'E' and 6 'O~ responses 
and one responded with 18 'S' responses. Thus, mixtures of types 
of Subsequent responses were rare and Subsequent responses seemed 
either to be adopted wholeheartedly or not at all by a child. In 
only one child was it apparent that Subsequent responses were 
particularly associated with correct or incorrect responses when all 
his 18 'E' responses were made after incorrect responses. In children 
who had second sessions marked change in Subsequent responding was 
noticeable only in one child, who made 36 'PE' responses during his 
first session and 36 'E' responses during his second session. 
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(iii) Response patterns associated with children's first responses 
to the lower panels of the Touch Tutor on the appearance of a slide. 
In presenting data concerning Top and Subsequent 
responses measures of the occurrence of these responses were based 
upon the number of slides upon which ~they were noted. 
the present type of response pattern this measure would be cumbersome, 
since each response made by a child would simu1taneous~ score 
on three types of pattern. T~erefore, use will be made here of 'habit' 
scores. These have alreaqy been described (see page 164) and it 
m~ be remembered that o~ consecutive instances of particular 
types of response were to be counted, with counting beginning on 
the sixth consecutive instance of a type of response. In Table 
7.10, which shows the presence of such 'habits' during Experiments 
2 and 3, the numbers indicate the total habit scores for each session; 
also shown is the numbers of separate runs which went to make up tlis 
total score. 
Table 7.11 shows the re-classification of the data 
contained in Table 7.10 to enable a clearer impression to be gained 
of the relative frequencies of occurrence of the different types 
of response pattern. 
Tables 7.10 and 7.11 show that 'Matching' and'Position 
Perseveration' were the most widely displayed patterns in both 
, 
Experiments, with 'Win-5tay, Lose-Shift' coming far behind in 
third place. Not only were these patterns adopted by more children, 
but they were adopted with greater strength. It can be seen that 
Matching enjoyed an increase both in strength and in the number of 
children adopting it as the Experiment continued for the Stallington 
sample, while Position Perseveration suffered a decline. 
Some children showed persistent adherence to a 
particular response pattern both during individual sessions and 
during the Experiments (e.g. M.W., M.K., and D.C. in Stallington; 
and A.O. in Redcourt); other children showed mixtures of respunse 
, , 
patterns during sessions (e.g. V.W., P.D. and J.H., Session 2, Stalling-
. 
ton; and S .G. j: M.W., Session 1, Redcourt) and during the experiments 
(e.g. J.B., V.W., stallingtonj and A.R., Redcourt). 
Stallington and Redcourt were similar in their adoption 
of these response patterns, showing similar preferences for Matching 
and for Position Perseveration habits, and similar mixtures of habits. 
In both samples, the widespread occurrence of patterns of one kind 
-184-
or another was noticeable - all children showed some response 
patterning during each Experiment. 
All the children in the Flaxley sample except three displayed 
habit scores of 15 or more and no instance s of mixtures of habits 
occurred. Position Perseveration was adopted by 6 of the 25 children, 
Position Alternation by one child and Win-Stay, Lose-Shift by one 
child. The remainder adopted Matching. 
Table 7.10 
Total habit scores of children during Experiments 2 and ,3 (and the 
number of separate habit runs). 
Experiment 2 (Sta11ington). 
Session 1 
M.W. PP,30(1) 
J.B. W2(1) 
v.w. 
P.D. 
J .H. 
H.H. 
A.E. 
S.H. 
PP5(2) 
PP9(1) 
M5(2) 
PP1 
W1 
PP6(J) 
M19(,3) 
PP2(1) 
PA5(J) 
M.J. 14(1) 
H.D. 
D.P. 
M.K. 
D.C. 
PP16(2) 
W,3(1 ) 
PP28 (1 ) 
M31 (1 ) 
2 
PP,30(1) 
PP1 
M11(2) 
PP7(2) 
W2(1 ) 
PP5(2) 
02{1 ) 
M7(2) 
PP2(1) 
PP5(1 ) 
M19(J) 
PP5(1) 
PP22(2) 
PP30(1) 
M31 (1 ) 
3 
PP28(1) 
M19(2) 
W4(1 ) 
M2(2) 
PP3(1 ) 
M22(2) 
M17(2) 
PP4(2) 
PA1 
M14{1 ) 
PA1 
PP1 
W4(1 ) 
PA3(1 ) 
W1 
prJO(1) 
MJ1 (1) 
4 
PP,30(1) 
M4(2) 
W6(2) 
MJO(1) 
M25(2) 
M12(.3) 
PP9(2) 
M1.3{.3) 
W2(1 ) 
PP20(2) 
PPJO(1 ) 
M31 (1 ) 
Key: see remainder of Table on next page. 
5 
PP.30(1) 
M10(2) 
M25(2) 
M25(2) 
M15(2) 
PA4(1 ) 
M25(2) 
PP7(3) 
PP.30(1) 
M.31 (1 ) 
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Table 7.10 (continued) 
E!Eeriment 3 ~Redcourt) 
Session 1 2 
H.S. M21 (1 ) 
L1 
R.C. M10(2) M12(2) 
S.G. M3(1 ) PP3(1 ) 
PP3(1) 
PA1 
M.W. M2(1 ) PP1" 
PP1 
W1 
A.R. W4(1 ) M18(1) 
PP1 
P.J. W1 
R.W. PP9(3) PP1 
L3(1 ) 
B.W. PP30(1) PP23(1 ) 
01 
C.B. PP30(1) M1 
PP5(3) 
A.G. PP28(1) PP27 (1) 
R.F. PP4(2)* PP19(1 ) *22 slides completed. 
C.L. ** M31(1) **19 slides completed. 
S.B. PP3(1)*** PP4(1 ) ***16 slides completed. 
01 
C .M. PP10(2) PP2(1 ) 
M7(1 ) 
Key 
Letters indicate tppe or response habit (see page 159). 
Numbers outside brackets indicate strength or response habit (see 
text). Numbers inside brackets indicate number or separate habit 
runs going to make up total strength. 
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Table 7.11 
Total strensth ~T.S.~ ofz and numbers of children ~n.c.~ disEl~in~ 
habit runs in Table 7.10 
E!,Eeriment 2 (Sta1lin~ton) 
Session 1 2 3 4 5 
ResEonse n.-13 n.-12 n.-12 n.-11 n.-10 
Pattern: 
T .s. 55 68 105 115 131 
M n.c. 3 4 6 6 6 
T .S. 0 2 0 0 0 
0 n.c. 0 1 0 0 0 
T.S. 97 107 66 89 67 
PP n.e. 8 9 5 4 3 
T.S. 5 0 5 0 4 
PA n.c. 1 0 3 0 1 
T .5. 6 2 9 8 0 
w n.c. 3 1 3 2 0 
T .5. 4 0 1 0 0 
L n.c. 1 0 1 0 0 
;ExPeriment 3 ~Redcourt~ 
Session 1 2 
n.-14 n.-13 
ResEonse 
Pattern: 
T .5. 36 75 
M n.e. 4 6 
T.S. 0 '0 
0 n.e. 0 0 
T .S. 118 86 
PP n.c. 9 10 
T .S. 1 0 
PA n.e. 1 0 
T .S. 6 1 
W n.e. 3 1 
T.S. 4 0 
L n.e. 2 0 
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(4)Discussion 
The impression gained from the data on Top responding yielded 
by Experiments 2 and 3 is that, in general, the Instruction procedure 
used to introduce children to the 'Touch Tutor had poor control 
over their responding. We do not, of course, have data obtained under 
conditions in which no such Instruction was given with which to assess 
the presence, rather than the absence, of such Instruction but it 
is clear that the beahviour of the S.S.N. children given the Instruction 
whether they were naive to the Touch Tutor (as in Experiment 3) or had 
had experience of it (as in Experiment 2) bore, in the majority of 
cases, little direct resemblance to the demonstrations of responding 
given by E. Instead of responding with a Top and a Bottom response 
in that order children often responded either with no Top response 
at all or with a Top response made after one or more responses to the 
lower panels~ 
Why this lack of correspondence with the demonstration given 
by E. should have occurred is unclear, and the writer has been able 
to find little discussion of observat~onal learning, particularly 
with reference to the S.S.N. child, which might illuminate the 
problem. Some relevant discussion is, howeTer, provided in a review 
paper by Aronfreed (1969). 
In this paper, which is devoted largely to discussing 
experiments on 'imitation' in normal children, Aronfreed briefly 
discusses some experiments (Baer ~!!., 1967; Metz, 1965) with 
retarded and autistic children. According to Aronfreed, these 
experiments have shown little evidence of a representational model in 
such children for the imitation of observed behaviour but they haTe 
shown that such children's behaviour could have: 
"A certain amount of fidelity to the general form, and 
sometimes the sequence, of the behavior that [the child] has observed -
example, the child is required to touch its toes, to place its hands 
upon its head, or to pronounce and assemble catain components of words, 
following the corresponding actions of the adult or puppet." (p.224) 
It seemed to Aronfreed, after examining briefly which 
particular features of a demonstration such children might subsequently 
reproduce, that: 
"There appears to be an initial period during which the 
children use observed behavior as a source of cues for trial and error 
learning, rather than as a representation of the behavior that they are 
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to perform, since their ability to reproduce the necessar,y movements 
••••• at first only gradually approximates •• [the observed behavior] 
••••••• The minimal role of cognitive representation in the initial 
learning process is reflected in the technique of external physical 
guidance of the required actions which has been used by Metz(1965) 
and by Baer et ~.(1961) as a w~ of helping autistic and retarded 
children to arrive at the point where they will reproduce the actions 
spontaneously." (pp.224-225) 
Aronfreed later notes the difficulty animals appear to have 
in imitating actions: 
"Even in thase cases in which the animal appears to learn 
manipulative or sequential be ~ior, the behavior is limited to 
fairly simple--operations upon the environment, such as turning a knob 
or pushing a pedal. These actions do not require that the animal 
gives a structural representation to the topographic components of an 
extended pattern of observed behavior." (p.241) 
In these extracts from his review paper, Aronfreed seems to 
be suggesting a limited nature for imitative learning in retarded children 
which he would attribute to limitations upon their formtng an internal, 
cognitive representation of a particular demonstration. Animals 
might have a similar problem. Having seen a demonstration, children 
may show imitation of the general form and, sometimes, the sequence 
of the observed behaviour, appearing to be gaining a general impression 
of the task upon which to base their subsequent behaviour, however, 
rather than to be reproducing the demonstration exactly. 
From this, it would seem likely that children in the present 
experiments were influenced by the demonstration given by E. From 
Aronfreed's discussion one would predict that the influence would 
probably be of a general nature, encouraging the children to touch the 
Top and Bottom panels, but unlikely necessarily to lead them to touch 
the Top and Bottom panels in that order, and unlikely to lead them to 
touch the matching stimulus after touching the Top panel, rather than 
the' non-matching stimulus. Speaking of the children generally, this is 
what happened. But the diversity of the children's responding in each of 
these respects was remarkable, defYing such simple explanation. 
There would seem to be some value in encouraging children to point 
first to the Top panel of the Touch Tutor in order to encourage children 
to make correct responses, inasmuch as Top and Correct responding showed 
a positive association in the majority of sessions of Experiments 2 and 3. 
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One must be war,y, of course, of assuming that Top responding was the 
cause of correct responding. Despite this association, however, it must 
be noted that there were many occasions, particularly in certain children, 
when Top responses did not necessarily lead to correct responses. 
Similarly, it will be remembered, the mode of machine operation employed 
by Hively (for his first machine) and by Bijou, in which children had 'to 
respond first to the Top panel of the machine, did not necessarily lead 
to correct matching to sample. Similar considerations would seem to 
apply also to the lack of difference between instructions with one-choice 
slides and with two-choice slides. These would appear to be small 
differences to these children, having little effect upon either their 
matching or upon their habit of touching each response panel in turn. 
In the Introduction to the present Chapter we noted two ways of 
'explaining' Subsequent responses. One regarded such responses as 
primarily the fault of the machine'S mode of operation, coupled with 
ineffective teaching. The latter would cause the child to be uncertain 
about how to respond, causing errors; chance contingencies of reinforcement 
arising from the former would then strengthen particuar patterns of 
incorrect response. One slightly contrasting way of explaining 
Subsequent responses was to regard them as a facet of 'explorator,y' 
behaviour on the part of the child. 
One way in which these two possible explanations are 'contrasting' 
is that whereas the former sees Subsequent responses as the 'fault' 
of the machine and programme for 'confusing' the child, the latter 
sees such responses as the 'fault' of the child - in originating in him 
and being brought to the task by him. The difference between these 
two kinds of explanation may, however, be more one of emphasis than of 
fundamental opposition to each other, for neither explanation is able 
to fit the data fully. The problem a reinforcement analysis must face 
is why children adopt different kinds of Subsequent response in the 
same setting; the problem for a completely 'from within' approach is why 
the behaviour should some regularity with respect to observable stimulus 
events. 
As we shall see later when discussing response patterns associated 
with children's first responses to each slide a trade-off between 
stimulus and organismic events can se achieved by regarding responses 
as the outcome of an interaction between the direction of a child's 
attention ( reflected by his idiosyncratic mode of responding) and the 
reinforcing value of the various aspects of the experimental task. Thus, 
Subsequent responses might have their initial form as a result of the 
\ 
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child's previous reinforcement histor,y of responding in similar tasks, 
as a result of his imitating the demonstration of E., or as a result 
of 'explorator,y tendencies'. They might persist or change through 
the effects of the machine speaking and changing slides upon the 
patterns initially adopted by the child. Just what the particular 
mechanisms of this could be would, however, be a matter for further 
detailed analysis of these responses and this might, in view of the 
complexity of such responses which we have observed, have to be based 
much more on the long tenn study of individual children. 
The predominance of Subsequent responses leads one to the 
question of how far they should 8e encouraged or suppressed. It is 
possible that they interfere with the development of correct matching 
performance. On the other hand we have seen matching perfonnance 
develop in children who have engaged in Subsequent responding and the 
fact that some children have made Subsequent responses only atter 
incorrect responses suggests:;:that such responding may sometimes be 
indicative of the reinforcing value of the machine's mode of operation 
and that it would not necessarily detract from the development of matching. 
Moreover, the data of Experiment 2 suggests that continued practice helps 
to diminish these responses in some children; it could even, in time, 
lead to their disappearance. Therefore it is hard to see, except 
for those children who have settled down to a steady state of responding, 
what advantage there could be in attempting to suppress such responding, 
even if this could be done. 
Before leaving this discussion of Subsequent responses it must 
be made clear that the writer is conscious of having but 'scratched 
the surface' of these responses. It is possible, especially if the 
timing of such res~onses were measured more precisely, that further 
subdivisions of 'types' could be f~und which would throw further light 
on their origins and implications. In the writer's belief these 
responses, which have such vast complexity (particular~ in the light 
of the responses of children frIDIIl the Flaxley sample) could be worthy 
of further investigation as indicators of the cognitive make-up of the 
S.S.N. child. Too little attention seems to have been paid to such 
responses, particularly by the 'operant' workers who, given that 
such responses are likely to be widespread in lever-pulling and similar 
tasks, have been guilty of over-simplification in describing the responding 
of these children(!) 
(1)It should be mentioned that at least one paper discusses similar 
responses in an 'operant' task. Barrett and Lindsley (1962) presented 
S .S .N. children with a task in wti::h rewards could be gained for responding 
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The behaviour of the children with regard to response patterns 
associated with first responses to the lower panels shows considerable 
similarity to the general outline of these responses given earlier 
in this Chapter (pp.145ff.) of the occurrence of such patterns in other 
subjects and tasks. From the results of relevant previous research it 
was noted that response patterns seemed to be widespread features 
of m~ organisms in problem-solving tasks, that Position Perseveration 
habits were the most characteris~ic pattern in the behaviour of very 
young normal children with a mental age of approximate~ three ~ears 
and of subnormal children with similar mental ages, and that the response 
pattern behaviour of children at this level seemed to 8e largely 
unaffected by changes in the task such as particular instructions or 
reinforcement schedules. The data obtained in the present studies 
are similar, with response patterns occurring in the majority of children 
and Position Perseveration being the most widely adopted habit. It 
is difficult to be sure that the response pattern behaviour of these 
children was unaffected by the instructions; however, the inter-SUbject 
variability in behaviour suggested a general lack of experimental control 
over the children which leads one to suppose that, in common with 
the studies in the literature, such variables did have little effect. 
Attempts to 'explain' such habits of responding are met by 
similar problems to those which beset the previous discussion of 
Subsequent responses. Again, one is faced with the problem of 
accounting for the origins of such patterns of response (!.~. why a 
systematic habit and not random responding?), their form and their 
persistence and change. 
The fact that they occur at all (although they were not evident 
in all the children, all the time(1» is, in view of their commonness in 
other experimental subjects in a variety of tasks, not surprising. What 
they represent when they do occur, however, is a matter for debate. 
KrechevskY, who conducted the first extensive examination of response habits 
in rats saw them as indicators of integrated problem-solving by the rat. 
differentially to two levers according to the presence or absence of 
stimulus lights. Acquisition of differential responding to the levers 
varied markedly with some ch~n showing rapid acquisition and some 
children no acquisition. Idiosyncratic patterns of responding to the 
two levers emerged which were regarded by the authors as organismic 
variables which: "interfere with efficient differential response 
to immediate contingencies in a controlled environment ~ (p.434) 
No explanation was offered for these patterns of response, the authors 
considering them as: "behavioural excesses· and deficiencies" (ibid.) 
(1) In view of Lashley's (1929) and Krechevsky's (1935) work wi~fi rats 
-192-
Certainly, it seemed to him, habits eould not originate primarily 
in the experimental set-up, for an insoluble task in which no stimulus 
was 5.1stematically associated with reinforcement, animals not only 
developed habits but different animals developed different habits, some 
responding with visually-based habits and some with position-based 
habits (1932b). Moreover, animals would maintain a habit for so long, 
then abandon it and adopt a different one, an observation borne out 
b.1 later experiments (1933a) in which the basis for the solution of a 
task was changed after animals had adopted habits, with the result that 
the basis for their habit was changed. The present data have something 
of a similar flavour, showing differences between and within subjects 
in the kinds of habits adopted, and in their strengths. 
One cannot know with rats, and it would be difficult to find 
out with S.S.N. children, whether 'hypotheses', to use Krechevsky's 
term for response habits, actually reflect deliberate formulations of a 
Uasis for choice by the subject, or whether they operate at a rather 
more 'unconscious' level. Krechevsky seemed to favour the former 
view, referring to such behaviour as 'purposive' (~.&. 1933a, p.429) 
and joining with Tolman in his anti-Hullian view of learning processes 
in the rat. 
One can avoid some of this mentalism by adopting a taeory 
such as that proposed by Sutherland and Mackintosh. The ~ree-will' 
of Krechevsky is largely replaced b.1 a situation in which choices are 
determined by the balance of strengths of attentional and response 
mechanisms. As we saw earlier (pp. 150-154) this theor,r helps, in 
principle, to explain why children should adopt different habits in the 
same experimental set-up and why switches in habits should occur. 
The theory has already been described and an argument laid down on 
behalf of changes in the direction of children's attention at different 
ages. Amalgamating the two, one would perhaps have expected there to be 
variation in the particular form and strength of habits adopted by child-
ren near the beginning of the experiments, but with Position 
Perseveration being the most common. On the same basis, variations in 
the extent of change of habits would be expected in the course of the 
having cortical destruction it is possible that the relative absence of 
habits in some children could have been due to brain damage. On the 
other hand, there is a strong possibility that the ana~sis has been in-
sufficient~ fine to femonstrate the existence of habits having bases other 
than the three main ones, with their sub-divisions, of Stimulus-based , 
Position-based and Outcome-based habits. 
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experiments. This more mechanistic approach lends itself to 
quantification and prediction rather more readily than does that of 
Krechevsky. Given the pattern of performance at the outset of an experiment 
one has the possibility of attempting crude predictions of the 
likely changes in performance as the experiment proceeds. Thus in 
Experiment 2 the performances of three children (M.W.,M.K. and 
D.C.) seem to have been based completely upon single habits. In the 
terminology of the Sutherland and Mackintosh theory, this would suggest 
that their choice behaviour was completely under the control of single 
stimulus analyzers (position analyzers in the case of M.W. and M.K. 
and matching analyzers in the case of D.C.). Since these analyzers 
would consistently receive reinforcement, their extinction would be 
unlikely and performance would be likely to remain steady throughout 
the experiment (which, in fact, it did). In the Redcourt sample, 
A.G. also showed a consistent performance, with similar characteristics. 
In considering such prediction, however, it must be re81ized that the 
occurrence of Subsequent responses between first responses to a slide 
would affect ,the pattern of reinforcement. As an example of this, 
B.W. and C.B. in the Redcourt sample ended Session 1 with a consistent 
Position Perseveration habit which had been present throughout the 
session bit which broke down subsequently in Session 2. This could well 
have been due to their having made Subsequent responses to other panels, 
unlike M. W •J M.K., D.C. and A.G. who did so infrequently. 
It is harder to predict the behaviour of the other children 
from the Sutherland and Mackintosh model with any exactness, owing 
to the complexity of the children's responding, an ignorance 
of the quantitative effects of the possible reinforcing events 
of the experimental set-up and an ignorance of the relative strengths 
of analyzers and response tendencies at the beginni~g of the experiments. 
An attempt may be made at interpretation, however. 
The strengths of particular response patterns at the outset or 
the experiments are a crude index of the relative strengths of different 
stimulus analyzers. As the experiments proceeded these strengths 
would be assumed to be undergoing changes as a result of the forrelation 
of responses with reinforcement eventually reaching asymptotes which 
would eventually be reflected in steady peri'ormance. For some children 
this steady state of performance would be likely to be on the basis of 
the matching relationship of the stimuli, since responses made on the basis 
of the matching relationship in the course of learning would result more 
often in the reinforcement arranged by E. However some children could 
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settle to a steaqy state of performance on the basis of some other 
rewarding aspect of the task, or they might come under the control of 
a partial reinforcement schedule in such circumstances as, for example, 
if no responses to the matching relationship had been made. If, in 
such a circumstance, they had made responses often enough on the oUputs 
of other stimulus analyzers these would then have become the predobinant 
basis for choice. 
The implications of this seem to be clear; continued practice-,· 
in the task would be likely to be of little value to children with strong 
position habits but might help children who adopt a mixture of habits, 
or no habits at all, to settle down to one habit exclusively. If this 
habit is to be, however, the one desired by E. for the children to 
attain, the probability of the child's attending to the appropriate 
stimulus dimension must be increased, not decreased. Hence, some w~ of 
drawing the child's attention to, in these experiments, the matching 
relationship of the stimuli, would have to be found. 
The approach of this Chapter has been to permit children to make 
errors in responding to the Touch Tutor; it has been assumed that these 
. represent lawful, potentially explicable processes in the S.S.N. child 
and the errors have accordingly been studied in the hope that some of 
these processes m~ be made clearer. This approach is in direct 
contrast to that of the majority of previous investigat6r8:,of the responses 
of S.S.N. children to teaching machines who have tended to regard such errors 
as 'bad' and who have accordingly attempted to prevent their occurrence. 
Which is the more 'desirable' approach depends ~pon on~s aims. The 
latter has advantages in leading children to criterion performance 
quickly and it may minimize errors in transfer tasks, in that 'error-
making tendencies' have not been encou~ed. On the other hand, systematic 
error patterns appear to be so widespread in problem-solving that they 
would seem to be an essential part of the process. One may argue, 
therefore, that they should be encouraged in the hope that the child will 
reach more efficient problem-solving strategies. The present 
experiments have yielded little direct evidence that encouraging these 
strategies is beneficial but, insofar as correct matching performance 
with few Subsequent responses has been achieved by some children in the 
course of Experiments 2 and 3, it would seem that allowing errors does not 
necessarily lead to poor performance. Of course, this is not surpriSing, 
but exponents of 'errorless learning' may make us forget the fact. 
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(5) Conclusions 
The present Chapter has gone some w~ towards evaluating the 
effects of the introductory instructions adopted for the Experiments 
upon children's responding, towards describing the behaviour of 
'repeated touching' and towards d~scribing the various patterns of response •. 
A striking feature of the descriptions has been the tremendous 
complexity of the S.S.N. children's responding to the Touch Tutor, a 
complexity which has illuminated the inadequacy of the machine and a 
fairly simple form of instruction in its use for controlling the 
responding of maQY S.S.N. children in experiments such'as those 
described here. In addition, however, the analysis has shown a 
lawfulness in the children's responding which has suggested the possible 
value of permitting children to engage in problem solving tasks for which 
they would have to ~ind their own solutions, in contrast to instructing 
them with carefully sequenced, programmed instruction which would reduce 
errors. It has been suggested that further work could valuab~ 
be aimed at response patterns in this light but, since they have 
appeared to be so common further work on any aspect of them in relation 
to the S.S.N. could have importance. 
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CHAPTER 8 I THE USE OF THE TOUCH TUTOR IN THE CLASSROOM ("EXPERIMENT 4") 
(1) Introduction 
The aim of this chapter is to consider the responses of 
S.S.N. children (and of their teachers) to the presence of the Touch Tutor 
in a school classroom. The chapter considers the problems such use m~ 
raise and reports a study ("Experiment 4") in which the machine is used by 
teachers in their ever.1d~ classroom teaching of the children who took part 
in Experiment J. 
There seem to be few studies or discussions of the problems 
raised for the teacher by the introduction to, and subsequent use of, 
teaching machines in ever.1d~ classroom settings - be they in normal or in 
special education. Thus it was difficult to consider the use of the 
Touch Tutor in ~:classrooms in the light of previous experience. Even so, 
it appeared from the general literature and from personal observation by 
the author of classroom life that the Touch Tutor might be used by teachers 
in one of two broad ways. On the one hand the physical design of the 
classroom and the conduct of the lessons might be arranged around teaching 
machines, these then taking a central place in the lessons. This approach 
has been taken by Bijou !i!!. (1966) who built a special 'programmed 
classroom' in which tokens were given to 'educable' children for good study 
behaviours and where machines were used in booths resembling a language 
laboratory} by Marshall (1969) who, in an E.S.N. school, developed linear 
teaching programmes and appropriate programmes for the teaching of reading 
in classes where this had been a difficult subject to teach) and by Morgan 
(1910, 1911) who felt dissatisfaction at the teaching in his E.S.N. school 
and who therefore developed his own audio-visual teaching machines and 
programmes for them, around which many of the lessons in his school were 
arranged. 
On the other hand the machine could occupy a much smaller 
role in classroom teaching, while nevertheless contributing to it. Skinner 
(1961a) and Holland (1960, 1962) emphasized the importance of discrimination 
training for young children and suggested that a. machine similar to the 
Touch futor would be superior to a teacher in such instruction by virtue 
of its patient, systematic administration of reinforcement and, since it 
could be used for self-instruction by the pupil, by virtue of allowing the 
subject to proceed at his own pace. It would also, of course, permit the 
teacher to revise her lessons until they taught as effectively- as she 
desired - and it would relieve her from that part of teaching which was 
repetitious, permitting her to spend more time on the more ~challenging· 
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aspects of her profession. Behavioural Research and Development Ltd. 
(1969, 1971) have pointed to similar virtues in relation to the Touch 
Tutor, stressing its patience, attractiveness to the student and simple 
operation, which enabled it to encourage speech ("children frequently 
imitate the voice on the machine") and to create a stimulating environment. 
Now if one has these latter aims for the Touch Tutor - that 
it teaches discriminations and creates a stimulating environment while 
encouraging speech - it is perfectly possible to look on it merely as a 
piece of educational apparatus or a teaching aid - admittedly a sophisticated 
one - but nevertheless a teaching aid exactly like, for example, a cr~on. 
A cr~on, after all, holds interest, can be used for self-instruction, helps 
teach discriminations (I supposel), stimulates speech ("Look what I've 
drawn!" - "What is it?" - "A car" ••• etc.) and so on. But the cr~on does 
not, or at least seems not to, occupy a central place in classroom life} 
it is part of a selection of apparatus in a school and is used as such. 
One might expect, therefore, that the introduction of a piece 
of apparatus like this would cause minor disruption to the teachers' every-
d~ work in contrast to that likely to be caused by the introduction of 
teaching machines to be used in the manner employed by the three writers 
cited above. In the study to be reported here of the Touch Tutor in the 
school of a small residential home for S.S.N. children and young adults, 
it was felt that minor disruption to the customary operation of the school 
was essential and therefore that a suitable use of the machine should be 
employed. Equally, however, it was felt that using a teaching machine 
like the Touch Tutor in a more minor role than had hitherto been attempted 
in classroom studies might permit the validity of some of Skinner's claims 
for such machines and those of the makers of the Touch Tutor to be looked 
at more closely than would be possible were it intended that such machines 
should have a major place in the conduct of lessons. It is also the case 
that the' amoUnt of programme material which is available for the Touch 
Tutor is so limited that extensive use of the machine wolUd, on this count 
alone, be possible for only a very brief time. Accordingly the study to 
be reported in this chapter was based on the idea that the Touch Tutor 
might have value as a piece of educational apparatus to be used by teachers 
in an everyd~ classroom setting just as they might normally use toys, 
games and puzzles. The next task is to consider how such apparatus is 
normally used in such a setting. 
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(2) An analYsis of the use of apparatus by the classroom teacher 
Observations of teachers at the 'Redcourt' school, from 
which children were drawn for Experiment 3, and of teachers in other 
schools the writer has seen, revealed the presence of two broad types 
of classroom activity with 'educational materials'. In one type, a group 
of children are clustered around an object of interest while the teacher 
explains it, describes it, and elicits responses from the children about 
it. In the second type, an individual child has been given apparatus 
which presents some kind of problem to him. The teacher has at some 
time shown him what he must do with it after which, for a short time or 
until he gets bored, he is left with it, the teacher returning to him for 
further encouragement or help, or to set a fUrther problem with the same 
or with a different piece of apparatus. It is this second type of activity 
in which we are particularly interested here, for it is potentially similar 
to our use of the Touch Tutor so far) accordingly, it will be valuable to 
consider the dynamics of this kind of activity more fully. 
The problem chosen for the child probably depends on two 
main factors. One is the teacher's knowledge of her store-cupboard plus 
her ingenuity. The other is her knowledge of the child's strengths and 
weaknesses. Clearly, a child could not be given something which was not 
in the store-cupboard - nor would it be reasonable to give him something 
from which he would not benefit. 
In turn, the contents of the store-cupboard are determined 
by the cost and suitability of apparatus for the children, the determinants 
of which relate to the numbers of children who would want to and who would 
be able to use the device and to its practicality for classroom use, as 
well as to its 'educational value'. 
It is unlikely that detailed analyses in these terms are 
made of many pieces of educational apparatus - if of aQY - in more than 
cammon-sense terms. But when, as here in the case of the Touch Tutor, 
a piece of apparatus appears which involves an expensive decision (expense 
could relate to finance or to the need for re-organization potentially 
being involved) a case can be made out for such explicit an~sis as this. 
It is intended, therefore, that this an~sis of the use of classroom 
materials be used as the basis for our investigation of the value of the 
Touch Tutor in everyday classroom use. Clearly, the analysis' has been 
the basis for evaluating the Touch Tutor throughout the present work but 
this so far has been done in the context of the laboratory, now it is 
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necessary to consider the machine in the classroom and to state explicitly 
how this may be done. Applying the analYsis, then, it is clear that the 
basic question we are asking is whether the Touch Tutor should be brought 
by the school authorities and placed in the store-cupboard. In order to 
answer this our first need is for information about the suitability of the 
apparatus for the children. This relates to the numbers of children who 
would want to and would be able to use it, for how long they might use it, 
and whether they would be able to use it. The second need is for inform-
ation about the practicality of the machine for classroom use. This 
relates to whether children would be able to use the machine without 
disturbing other children doing other activities and vice versa. It 
relates also to whether teachers typically would be able to use the 
machine and whether it would require over-frequent maintenance and 
technical attendance. The third need is for information about the educational 
value of the device. This relates to what skills or facts the device m~ 
be encouraging and to how restricted a range of such thi~gs it m~ be applied. 
These needs may be stated as the aims of the following study. Preliminary 
information about them has already been obtained from the experimentation 
and analysis conducted in the previous chaptersJ the purpose of this 
chapter will be to replicate and extend it. 
(3) Method 
(i) The school and the children 
In the course of visits to educational establishments for 
S.S.H. children it was realized that the small residential home - 'Redcourt' 
presented an excellent opportunity to study the use of the Touch Tutor in a 
classroom setting. The home catered for approximately 80 S.S.H. persons 
between the ages of 5 and 24. Of these 80, 26 attended school activities 
daily and their ages ranged from 5 to 16 years. In addition, some of the 
older children occasionally came into the school for 'evening classes'. 
The school's principal, asked about the possibility of leaving the Touch 
Tutor in his school over a period of months, was keen on the idea of trying 
out this new gadget and communi cated this enthusiasm to his staff. 
(ii) Instructions to the teachers 
The four teachers at Redcourt were each given an explanation 
of the overall purpose of the st~dy. In this they were told that the 
Touch Tutor was a machine which had been intended for use by ~he kind of 
children in their school as a means of self-instruction in a variety of 
audio-visual topiCS. Unfortunately, it had not been extensively tested 
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so that in this study the concern was to discover how well or how 
badly the machine fitted into the everyd~ classroom routine of the 
teachers and children when used in this w~. They were to use it just 
as they might use any other piece of classroom equipment intended for 
individual use by children and were not to go out of their w~ necessarily 
to over-use it or to give it a good report. 
It was suggested that they might initially like to aim to 
try every child in the school on the machine but to use it as and when they 
found it suitable or convenient. Some children, it was explained, would 
find the machine difficult to use with some hardly responding at all and 
others making apparently random responses; others would take to it quickly. 
They should spend a short period of time ("a couple of minutes") showing 
the children how to use the machine and encouraging him how to use it 
correctly but should then leave the child alone with the machine for as 
long as he wished to respond to it. If he ceased to respond they should 
encourage him to continue but if he still did not respond they should then 
not press him further. The important features of the matching task was 
explained, emphasizing the need to get the child to look at and respond to 
the Top panel before looking at and responding to the lower panels. 
Finally, the need to take recordings of the number of correct 
and incorrect responses made during each session completed by a child was 
explained, the time he had spent on the machine, and his general reactions 
to it. This could be simply done by referring to counters and to a stop 
clock on the machine (1) and by filling in prepared data sheets accordingly. 
The general principl~s of operating the machine, loading 
programmes and rectifYing common faults were also explained to the teachers. 
(iii) Siting the Touch Tutor in the classroom 
The classroom area at 'Redcourt' consisted of a large room 
divided by a movable floor-to-ceiling partition. When this was closed, 
as it usually was, two classrooms were formed. Each of these was inhabited 
by two classes of approximately seven children each plus their teachers. 
Low partitions of noticeboards and cupboards divided these two classes from 
each other. It was therefore possible to site the machine in one corner 
of the classroom area which, potentially, was accessible to each class. 
The plan of the classrooms and the position of the Touch Tutor are shown in 
(1)These were added to the Touch Tutor especially for this stuqy. 
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Figure 8.1, which is not drawn to scale. Children using the machine 
could see and be seen by some of the other children in one of the classes, 
as is suggested by the plan. The Touch Tutor itself was screened by a 
'Wendy House' which showed only the screen of the machine to the child. 
Doors in the 'Wendy House' allowed teachers to make recordings from the 
counters and to switch the machine on and off. Some kind of screen for 
the Touch Tutor was not essential, since the machine could be locked, 
this'screen was found convenient to use, however, in practice since it 
obviated the need for the doors of the machine repeatedlY to be locked 
and unlocked. 
(iv) Programme material 
Cleary and Packham's "-2" programme of slides was used for 
all the children during the study. Audi tory material consisted of the 
spoken names of the objects. The "-2" programme was prefe;rred by the 
teachers to the black and white pictures as being of more value and interest 
to the children and it was felt that this fact commended its use. 
(v) Subj ects 
In the course of the study the 23 children who had 
partiCipated in Experiment 3 and three children who had not, used the 
machine in a classroom setting. At the beginning of the study 22 of 
these 23 children had had two sessions with the Touch Tutor in the Mobile 
Laboratory and one had had one session. In the two months of the study 
most children had one session with the machine but five children had two 
and one had three sessions. As in the previous Studies, no precise 
overall data concerning the M.A.'s or I.Q.'s of the sample was. available. 
Chronological Ages of the children have been given in relation to 
Experiment 3. 
(vi) The Experimenter's role 
In the course of the study four visits were made to 
'Redcourt'. The first involved discussion with the teachers during which 
the aims of the study were explained, the machine demonstrated and the 
essentials of the matching to sample task explained. The second, one week 
later, involved general discussion with the teachers about their reactions 
to the machine during the week, and the clarification of any points of 
difficulty about the machine or the p-oj ect. The third visit (three weeks 
later) involved photograp~ of 'Redcourt' and of the machine, during which 
the teachers were encouraged to continue working with the machine so that 
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Figure 8.1 
Plan of the classroom area at 'Redcourt' (not drawn to 
scale). The Touch Tutor can be seen at 'A', located in 
the 'Wehdy House' ('B'). The classroom area is divided by 
a floor-to-ceiling partition (, C ,) and low room-dividers 
( 'D'). 
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general observation of their approach to the children in relation to the 
Touch Tutor could be made. The fourth visit, at the end of the study, 
consisted of further discussion with the teachers but also individual 
observation by E. of all children working on the machine. The main 
purpose of such observation was to check the accuracy of the two recording 
counters on the Touch Tutor which recorded the number of correct and 
incorrect responses made by children, which the teachers had suspected were 
fau1ty, as well as to gain a deeper understanding of the w~s in which the 
children were responding to the machine. In discussing the Resu1ts of 
the study this last period of observation will be referred to as the 'Post-
test'. For this a series of 10 'one-choice' and 10 'three-choice'slides 
were selected as a fairlY representative sample of the '-2' programme and 
followed by 10 one-choice and 10 three-choice slides from the black and 
white series of slides used in previous experiments. Children were 
allowed to work on these slides with a prompt but no instructions from E. 
at the start of the 'Post-test' period. Children who failed to reach 
criterion on the sections of this test were allowed to repeat the section; 
it happened, however, that no child managed to better his score significantlY 
on repeating the test. Therefore, the results of the first presentations 
of the slides onlY will be presented. 
(4) Results 
In presenting the Resu1ts of this study of the children 
working uponthe Touch Tutor in a classroom setting, data will be discussed 
under two broad headings. The first will concern the responses of the 
children to the Touch TutorJ the second will concern the teachers' 
responses to its presence. 
(i) The children and the Touch Tutor 
(a) The Touch Tutor's 'attractiveness' 
During the period in which the Touch Tutor was in the 
classroom of Redcourt 23 of the 26 children in the sample completed at 
least 8 slides unaided, according to the teachers' records. Considering 
that onlY the 22 children who took part at the end of Exp8iment 3 and in 
the present Experiment, these figures represent an improvement in 
performance for 7 children and a deterioration in performance for one child. 
In the' 'Post-test' stage of the present Experiment the above 
apparent improvement was noted in 3 of the 7 children; 2 of the children 
were, however, absent. The one child who had shown a drop in performance 
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once again reached criterion. In the Post-test, therefore, 20 out of 
24 children were observed to reach this criterion of responding. 
Thus, although the period children spent with the Touch 
Tutor in their classrooms seems to have been effective in inducing some 
children to respond to it, such performance was not maintained in all 
these children in the 'Post-test'. The reasons for this were not 
apparent, except in the case of one child who had been so timid of the 
Touch Tutor (and yet interested in it) that the teacher had had to sit 
with her and help her to respond. 
Data for the 23 children who completed at least 8 slides 
unaided while it was in their classroom are portrayed graphically in 
Figures 8.2, 8.3 and 8.4. The graphs show, respectively, the time 
children spent with the machine, the numbers of slides they completed and 
the ratios of these two measures ('response rate'). The data, again taken 
from the teachers' records, may be seen in full in Appendix 4 (as may all 
the data of this Experiment). 
Figure 8.2 shows that the time children spent at the Touch 
Tutor ranged from below 5 to about 55 minutes. The mean time was 18.74 
minutes (S.D. 12.17 minutes), which is artificially raised by the extreme 
times. More representative of central tendency is the median of the data, 
which was 15 minutes (semi-interquartile range 10.21 minutes). 
. Figure 8.3 shows that the number of slides children co~leted 
ranged from below 40 to above 200 slides.· The mean of these data was~.D. 
53.94), and the median was 79.34 (semi-interquartile range 40.36). 
Figure 8.4 reveals that the response rate of childre~ 
ranged from below 1 response per minute to above 7 responses per minute. 
These data were more normally distributed than those of Figures 8.2 and 
8.3, the mean being 4.62 slides per minute (S.D. 1.66) and the median 4.8 
slides per minute (semi-interquartile range 1.46). 
The measure of response rate permits comparison of the 
responding of these children with the responding of children in the 
earlier Experiments. The mean rate of the present Experiment is not 
significantly different from that of Experiment 1 ('t' • 1.0284, d.f. • 58) 
and it is similar to the overall rate for 15 children (5.01) during 
Experiment 3. (With regard to the latter comparison it should be noted 
that evaluation of the extent of difference between the rate for each 
Experiment is not legitimate, unless the rates of the same subjects were 
used. This could, however, give a misleading result.) 
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Figure 8.2 
Distribution of times spent working at the Touch Tutor by children during 
Experiment 4. 
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Figure 8.,3 
Distribution of slides completed at the Touch Tutor bz children during 
Experiment 4. 
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Figure 8.4 
Distribution of response rates of children working at the Touch Tutor 
during Experine nt 4. 
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Data on the above three variables was not obtained during 
the 'Post-test'. E. had the impression, however, that children were 
responding at a smilar rate to that which had been recorded for them 
during the 'classroom' stage of the Experiment. 
occurred, which were discussed above. 
Some marked exceptions 
These date suggest that the sample as a whole found the 
Touch Tutor attractive, inasmuch as 23 of the 26 children studied spent 
a median time of 15 minutes working on the machine, apparently on their 
own, during which they completed a median of approximately 79 slides, at 
a mean rate of 4.8 slides per minute. General agreement was found between 
the recorded behaviour of children during the 'classroom' stage of the 
Experiment and that observed by E. during the 'Post-test' stage, although 
some discrepancies occurred. Comparisons with other Experiments showed 
that some children had begun to respond to the Touch Tutor since the end 
of Experiment 3 and that the mean response rate of the present Experiment 
was not significantly different from that of Experiment 1. The mean 
response rate also seemed similar to that of 15 children in Experiment 3 
but statistical comparisons could not be made. 
(b) The extent of correct performance 
During the 'classroom' stage of the Experiment, 8 children 
(31% of the sample of 26) attained a score higher than the criterion level 
of 90% slides correct adopted by the makers of the Touch Tutor for their 
"-2" programme of slides. Two of these children had reached criterion 
during the last 10 slides of Experiment 3, the criterion level for that 
Experiment being 8 out of 10 slides two-choice slides correct) one other 
child was absent during Session 2 of that Experiment. 
During the 'Post-test' stage, 6 of these children scored 
at least 8 out of 10 (in fact, all children scored higher than this) 
three-choice slides correct, signifying that they had maintained their 
matching to sample perfonnance. In addition, 3 children reached the 
minimum criterion of 8 out of 10 slides correct who had not done so during 
the 'classroom' stage. Two of the 9 children had reached criterion at the 
end of Experiment 3. 
Once more, therefore, differences occurred between the 
numbers of children aprently able to match to sample at the end of 
Experiment 3, during the 'classroom' stage of the present Experiment and 
during the 'post-test' of the present Experiment. The discrepancy between 
the number of children matching to sample at the end of Experiment 3 
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(2 children) and those doing so both in the 'classroom' and in the 'Post-
test' stages of the present Experiment (6 children) could be due to 
genuine improvement 1m,matching by those children. The discrepancy 
between the 'classroom' and 'Post-test' stages of the present Exp~iment 
is harder to explain. The three children who reached criterion in the 
'Post-test' who had not done so in the 'classroom' stage could have but 
recently learned to match to sample, in which case their overall score 
would have been determined largely by the essentiallY' random scoring of 
their pre-solution periods. This is a reasonable explanation for their 
improvement and, in view of a comment about one child by his teacher that 
he had eventually realized what he had to do to make the machine speak, 
seems at least likely. If it is the correct explanation, there is in 
fact no discrepancy between the 'classroom' and 'Post-test' stages. The 
teachers could throw no light on the discrepancy affecting the two 
remaining children. This was such a large discrepancy, with the two 
children appearing to jump from no responding in Experiment 3, to nearlY' 
100% correct performance during the 'classroom' stage, back to no 
responding in one child and no correct responding in the other, that some 
kind of recording error would seem to be the cause. 
Measurements of the correctness of responding to one-choice 
slides was not possible during the 'classroom' stage of the Experiment. 
All the children who completed at least 8 slides scored between 31% and 84% 
slides correct but this would not necessarily distinguish between completely 
incorrect performance and correct responding to one-choice slides. 
Considering onlY'the extent of one-choice responding during the 'Post-test', 
therefore, 19 children in the sample scored a minimum of 8 out of 10 one-
choice slides correct. Of the children who took part both in Session 2 
of Experiment 3 and in the present 'Post-test , (n.- 20) this represents a 
rise in performance for two children and no drop in performance. This 
could be due to genuine improvement. 
Summarizing this section of the Results, improvement in the 
performance of children since the second session of Experiment 3 was noted, 
particularlY' with respect to matching to sample. Discrepancies between 
the recorded performance of children during the 'classroom' and 'Post-test' 
stages of the Experiment existed but they seemed, except in the case of 
two children, to be due to genuine improvement. Thus, in the (Post-test' 
of the Experiment, 9 children were observed to be matching to sample on 
three-choice slides and a further 10 children were observed to be responding 
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correctly to one-choice' slides only. Expressing these as percentages 
of the tot ali. sample (24, since two children had gone home) 38% of the 
sample were matching correctlr and 42% resonding correctlr to one-choice 
slides only. 
(c) General observations 
The general impression of the responding of children in 
terms other than of the correctness and enthusiasm of their responding 
suggested that it was essential~ similar to that ofaiildren in the 
previous Experiments. During the tPost-test t , for example, children 
responded with the typical variants of Top responding, they engaged in 
Subsequent responding and they adopted familiar patterns of response to 
the lower panels of the machine. 
One interesting feature was that these responses were 
confined mainly to children who were not responding correctly to the 
matching slides. Children who were matching the majority of three-
choice slides correctlY systematically responded with Top and Bottom 
responses in that order and with no Subsequent responses. A somewhat 
similar trend for matching to sample and the type of responding demonstrated 
by E. to be positivelY correlated may also be discerned ,in the data of 
Experiment 2. 
It will be noted that no mention has been made of the 
performance of children in the two halves of the tPost-test', which involved 
testing children with the black-and-white, line-drawn slides as well as 
with the coloured slides of the "-2" series. In fact, the performance 
of all children on the two series of slides was, in terms of criterion 
performance, identical. Neither were any other differences apparent. 
FinallY, the use of the coloured slides of the "_2" 
series does not seem to have markedlr affected the responses of children 
to the Touch Tutor, in comparison with the balck-and-white, line-drawn 
slides. It is possible that the introduction of these to these children 
could have helped some children to develop correct matching to sample 
performance, just as the introduction of the 'nonsense shapes' at the 
end of Experiment 1 suddenlY caused two children to jump to correct 
matching after a period of random responding, but there is no evidence 
that this occurred. 
(ii) The teachers and the Touch Tutor 
The teachers were asked about their reactions to the Touch 
-207-
Tutor during their use of it at Redcourt. The teachers in general 
were favourable in their comments about the machine but not expecially 
enthusiastic. With regard to its use in the classroom, there had been 
no especial problems raised by its presence. In order to carry out 
the aims of the study teachers had themselves decided to change classrooms 
in rotation, so that each class would be in the section of the whole class-
room which housed the Touch Tutor. This had appeared to work without 
major problems. After the first d~ or so of its use by each class, 
children had ceased crowding around it while it was being used by one of 
them and had reverted to their 'typical' classroom behaviour. One or 
two children had been a little frightened of it and the teacher had had 
to sit with such children for a little longer than' had been,necessar.y 
for other children. With regard to its potential usefulness, the 
teachers were reserved. Although it had seemed likely to be particularly 
beneficial to one or two children - in encouraging concentration - and 
had led two children to reveal a potential which had never been recognized 
previously by anyone in the school - (one child had spoken for the first 
time when confronted with the machine; another had shown an interest in 
the machine which he had never shown in any other classroom task) - ~t 
was thought to be, in its present state, of no particular value for other 
children. Perhaps, they thought, since most of the children did enjoy 
using it and quite a few were able to match to sample on it already, it 
could be of some use if a wider range of teaching material were available 
for it. Asked about what sort of teaching material they could envisage, 
however, they were unable to say what they thought the machine could 
profitably teach. Of the four teachers, one was a little more forthcoming 
and believed that she would be able to generate some ideas if she were 
given time to think about it. These discussions with the teacher and the 
'psychologist' ended with the problem being thrown back to the latter -
what could ~ see the Touch Tutor profitably teaching? 
It was the writer's impression that three of the four 
teachers were tolerant, but little more, of the Touch Tutor. possibly 
they would not have used the machine had not E. re-visited the school 
at intervals. This impression is based on the fact that teachers seemed 
only to be using the machine on days after E. had telephoned the Principal 
to say that he would be paying a visit on a particular day; inspection of 
the dates upon which children were tried on the Touch Tutor by the teachers 
showed that these tended to be in the two or so days atter E. had telephoned 
and before he made the visit, even though a week or more might have elapsed 
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since his last visit. The one enthusiastic teacher was different, 
however. Not only had the children in her class not been tried on the 
Touhh Tutor coincidentally with E.'s visit but she had allowed a group 
of older children, who attended a sort of 'night school' each evening, 
to work on the machine. Her comments suggested that she considered 
the machine of more value to these older children than to the younger 
ones. 
(5) Discussion 
Much of the argument presented in this Chapter rests on 
the data recorded by the teachers during their use of the machine in 
the classroom. It could be argued that these data are false due to 
the desire of the teachers to please the experimenter, or whatever, or 
due to the unreliability of the recording devices. Alternatively, the 
data, although intrinecallY accurate, could have been gained in circum-
stances different than the Experimenter had intended. 
With regard to the former criticism, we have devoted 
space to discussing discrepancies between measurements recorded by the 
teachers and those observed by E. during the 'Post-test'. These have 
shown general agreement between measurements obtained on the two occasions 
both with regard to the enthusiasm of children'S responding and to its 
correctness. Inexplicali~e discrepancies occurred but these affected 
few children, and some discrepancies were probably to be expected in 
view of the results of our previous experiments. 
With regard to the latter criticism, as far as E. could 
, 
ascertain teachers did, for the most part, use the machine as E. had 
suggested to the teachers - that is, they had not gone out of their w~ 
necessarily to use the machine (as noted above, there was a possibility 
of this having occurred, however) or to give it a good report and they 
had shown children how to use the machine, then leaving the child alone 
until he had become tired of it. There was certainlY one exception to 
this when a teacher sat with one excessively timid child; it is impossible 
to know how far it occurred to a lesser extent with other children but 
presumably, in view of the agreement of 'classroom' and 'Post-test' stages, 
if teachers did sit with children they did not take the major part in 
responding to it. Unfortunately, there is no w~ in which this problem 
can be satisfactorily answered - and upon it hinges whether the present 
"" Experiment can be regarded as a study of the extent to which the Touch 
Tutor might be used by children working alone in a classroom setting, or 
whether it may merely be considered another stu~ of 'Experimenter and 
Child' being present at the machine together. One fact which may be 
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taken as evidence that teachers did not sit with children continual~ 
is the presence of other children in the classroom who would have heeded 
some attention from the teacher. This, coupled with the writer's 
observations on his visits, m~ suggest that teachers typical~ did not 
sit with the children continuallY; the issue must not be regarded as 
resolved, however, because of these two pieces of evidence alone. 
If one regards the study mere~ as essential~ similar 
to the Experiments reported earlier in this work the data m~ be regarded 
as confirming the general findings of those studies. We have once again 
seen the general division of children into those responding and not 
responding to the machine, into those matching to sample correct~, into 
those responding on~ to one-choice slides correct~ and into those 
responding to no slides correct~J once again, the typical re~nse patterns 
have again appeared. The overall response rate of the sample was similar 
to that of children in Experiment 1. Moreover, the increase in the 
numbers of children matching to sample during the Experiment, in comparison 
with the numbers doing so at the end of Experiment 3, resembled that which 
occurred in the Stallington children during the period after the end of 
Experiment 1 until the end of Experiment 2. Thus, in both samples of 
children, instances of fairlY rapid acquisition of matching to sample 
occurred (which, in some cases, had the character of being due to 
reminiscence - in that it appeared after an interval of no practice on 
the Touch Tutor) together with instances·of more gradual improvement. 
FinallY, fluctuations in criterion performance have occurred in the 
present Experiment. Similar fluctuations have occurred in each previous 
Experiment, and they are probablY due to a combination of factors. 
possible factors are d~-to-d~ variation in the children, specific 
reaction of children to different experimental circumstances, minor 
variations in performance around the criterion level and, of course, 
genuine improvement in performance. 
If one chooses to regard the Experiment, on the other hand, 
as indicative of the possible individual use of the Touch Tutor by 
children in the classroom, the Experiment has shown that this is possible. 
The majority of children in the school used the Touch Tutor for at least 
a short period of time; the group of children as a whole responded to 
it for a median period of 15 minutes completing a median of 79 slides 
during that time. Moreover, the presence of the machine did not seem 
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Moreover, the presence of the machine did not seem to interfere marke~ 
with the normal classroom activities, the children working with a minimum 
of supervision while teachers continued with teaching other children in 
the claSle 
The Experiment seems to have thrown some light upon the 
reactions of teachers to the presence of a machine like the Touch Tutor 
in their classrooms. One must, of course, remember that this could be 
a most unrepresentative picture of the attitudes of teachers to the 
presence of a machine like this. On the other hand, if it is represent-
ative, it is clear that the introduction of machines like the Touch Tutor 
into the school classroom would have to be accompanied by an initially 
strong source of encouragement and persuasion to use the machine, together 
with an extensive selection of programme material. For, on the evidence 
of this Experiment, the majority of teachers would not be particularly 
inclined to use the machine, nor would they have many ideas for the 
development of further programme material. 
The implications of these considerations are, perhaps, that 
introduction of the Touch Tutor would be most efficient if an interested 
person were given the task of arranging the use of "the machine by children 
in a school. She would sit with children, if need be, while they used 
the machine and she woUd be responsible for developing further programme 
material for it, in conjunction with the teachers. This would clearly 
obviate the need to debate upon whether children could use the machine in 
the classroom without the continual presence of a teacher, and would 
overcome the problem that some teach,~rs might not wish to use the machine 
if it were left in the classroom, nor to develop further programme 
I 
materials. 
One final problem the presence of the Touch Tutor, in a 
school setting raises is that of technical maintenance and repair. The 
Touch Tutor used by the author had three major faults. Firstly, it would, 
on occasions, not detect touch responses - sometimes because the child's 
finger was too dry. The consequence of this was that some children 
would cease to respond while others would impatiently tap the panels. 
Secondly, the machine would sometimes detect a response but would not 
subsequently speak, or change slide or react to further responses unless 
a 'reset' button was pressed. Thirdly, it would sometimes go out of 
synchronization, so that the spoken stimulus word would be inappropriate 
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to the visual stimulus displayed on the machine. As far as the writer 
could tell, the first and last of these faults were common to all Touch 
Tutors, the second one idiosyncratic, being apparently a consequence of 
fitting the two recording counters. These faults were intermittent, 
sometimes occurring once in 10 slides, sometimes once in 40 slides, but 
with little predictability (if anything, the weather seemed to affect 
their frequency!) During Experiments 2, 2a and 3 these faults were 
avoided by the use of hand-held buttons by E. and the careful checking 
of the synchronizing controls before children used the machine. Before 
Experiment 4, the machine was examined and the sensitivity of the Touch 
panels increased by cleaning, and repair of a broken connecting wire. In 
addition the synchronizing controls were checked. These precautions 
lessened the faults but did not eradicate them, so that teachers were 
instructed in the synchronization technique and given the hand-held 
buttons with which to reset the machine if it 'stuck' without opening 
up the 'Wen~ House' around the machine. The teachers were asked about 
these faults during E's visits and it appeared that they still occurred. 
The implications of these faults are two-fold. Firstly, 
it is possible that the numbers of slides children completed and the 
response rates are lower than they could have been. Secondly, the 
continued intervention of someone with some mechanical knowledge of the 
Touch Tutor would seem to be necessar,y for its operation to be maintained. 
(6) Conclusions 
Experiment 4 has enabled some of the problems of introducing 
a machine like the Touch Tutor into the everyd~ teaching situation to be 
examined. It would seem that the machine could be used by teachers with 
fairly little disruption of their normal classroom life and that children 
would respond to the machine well. Doubts were raised, however, whether 
children would necessari6l sit working on the machine unaccompanied, 
whether some teachers necessaribr would use it at all frequently and 
whether ideas for the development of further programme material would be 
generated by teachers. ACCOrdingly, it seemed that the introduction of 
a machine like the Touch Tutor might have to be accompanied by someone 
prepared to oversee its initial use; possibly the best arrangement of 
this would be the appointment of one person to be permanently responsible 
for supervising children in its use and generating programme materials for it. 
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This Experiment is the last examination in this work 
of the responses of children to the basic programme material of the Touch 
Tutor. A fair~ consistent picture of the responses of S.S.N. children 
to the machine in its basic form seems to have been gained and the need 
now would appear to be the development of further programme materials for 
it. Such development raises not on~ technical problems but problems of 
knowing what the machine m~ be used to teach S.S.N. children. The next 
chapter is aimed at elucidating these two problems and, in particular, 
the latter. 
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CHAPTER 9: DEVELOPMENT OF PROGRAMME MATERIAL FOR THE TOUCH TUTOR 
(1) Introduction 
Some attention has been paid in previous chapters to the 
extent to which children are able to match to sample on machines like 
the Touch Tutor. Once they demonstrate a grasp of the principle and 
begin to reach criterion performance on slides of easily discriminable 
material, however, other educational goals are possible and attention 
must then be focussed upon programme material rather than upon the basic 
skills required to operate the machine. At the time of writing little 
programme material was, however, available for the Touch Tutor; moreover, 
few discussions seemed to exist about the kinds of subject matter the 
machine could profitably teach. Accordingly, it seemed valuable to 
devote space to a consideration of relevant approaches to the development 
of fUrther programme material and to some of the problems such development 
might raise. That is the aim of the present chapter. We shall consider 
in the chapter some possible approaches to the development of further 
teaching material for such children, examining first the origins of the 
matching to sample technique. 
(2) Matching to sample and discrimination learning research 
As we shall see below, Skinner's aim for the machine he 
designed for pre-school children (see chapter 2) was that it should be 
used to teach discriminations which, he claimed, it could do better than 
could a human teacher. This was, in fact, an unusual emphasis to place 
upon the task of matching to sample for since Weinstein's (1941) work it 
had been used primarily as a means ,of testing discriminations for which it 
was a technique superior to the more traditional methods of , two-choice 
discrimination learning and learning-set formation, in that it enabled 
more discriminations per trial to be tested. 
Yet despite this apparent.,superiority as a means of testing 
discriminative ability the matching to sample technique has been infrequently 
used in either animal or child research in comparison to the frequent use 
especially of the two-choice discrimination learning set-up (see, for 
.. 
example, Gibson and Olurg, 1960). The reason for this would seem to be 
the difficulty the task itself presents to both animals and children. 
The stu~ of Weinstein (1941), which studied the performance of monkeys 
and young children, and of Lashley (1929), which studied the performance 
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of rats, in matching to sample tasks provided early illustrations of 
the difficulty such subjects may have in learning the essentials of 
the task. That is, they might not have difficulty with the discrim-
ination of the stimuli used but rather with the skills the task requires. 
The realisation that the task itself might be difficult came to Weinstein 
and it has come to workers since, m~ of whom have attempted detailed 
analyses of the skills required by the task in order that the subject's 
mastery of it m~ be speeded up (for example, Ferster, 1960; Nevin ~~l., 
1963; Fellows, 1965). Even so, there does not seem to have been markedly 
greater use of the technique in research into discriminative processes. 
Instead, the technique has become popular as an educational technique 
which, in view of its background, might seem to be something for which 
it was not entirely suited, being more suitable as a means of testing 
discriminations. 
(3) Matching to sample as an educational technigue 
The use of matching as a means of instruction can be seen 
as arising from a desire to find an educationally valuable w~ of 
designing teaching machines for subjects unable to read. For such a 
purpose the task was entirely suitable, especially for machines designed 
by Skinnerian workers, since each frame of a teaching programme in 
matching format would offer the subject a problem, require an overt 
response and enable the machine to provide appropriate reinforcement. 
The problems presented on each frame could, moreover, be made progress-
ively difficult in order to lead the subject to attain the desired level 
of competence by small steps. 
No other known format could provide these advantages; 
presenting a single stimulus would provide no comparable problem for the 
child; presenting stimuli in the classical two-choice discrimination 
learning format would require a series of slides to be presented for each 
problem, instead of one; delayed discrimination or del~ed matching 
formats would have no obvious advantages, neither would asking the 
subject to press buttons according to whether stimuli were the same or 
different (Filby and Edwards, 196), tried this before subsequently 
adopting matching to sample). 
However, deciding upon a suitable means of presenting 
stimulus material is not enough; there still remains the need both to 
decide what a format can be used to teach and to decide just how material 
should be sequenced. Historically, there are two main approaches to 
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these issues which are directly relevant here, the Skinnerian on the 
one hand and that of Cleary and Pac-leham, the originators of the Touch 
Tutor, on the other. 
(1) Skinnerian use of the matching to sample format 
Skinner's aim for the matching to sample technique in 
conjunction with the advantages of a teaching machine as he saw them 
was that it could be used for the teaching of discriminations: 
"The ability to make a given kind of discrimination can be 
taught. A pigeon, for example, can be made sensitive to 
the colour, shape and size of objects ••• simply by 
reinforcing it when it responds in some arbitrary w~ to 
one set of stimuli and extinguishing responses to all 
others. The same kinds of cont~ncies of reinforcement 
are responsible for human discriminative behavior." (1961a; 
quotation taken from Skinner, 1961c, p.18205, Skinner's 
emphasis. ) 
Skinner made it clear in this discussion that he regarded 
'discriminating' as an important, basic skill; one which, above all, 
could be taught (see also Chapter 2, this volume). 
Holland (1962) expanded this argument. He criticized 
emphasis placed upon the teaching of facts in programmes, preferring 
rather that fundamental skills should be taught - i.e. the 'hows' not 
the 'whats' of learning. Discrimination learning was an example of this 
more valuable approach, he said, and described four pieces of work as 
examples of it. These weres Evans t (unpublished) work on discrimination 
training in young children; Holland and Matthews (1963) work on the 
training of auditory discriminations to normal children with defective 
speech; Skinner's own (unpublished) work on a programme to teach form 
discriminations on a matching to sample machine; and Long's (unpublished) 
work on the training of inductive reasoning in children. Let us briefly 
examine these in turn. 
Evans showed that requiring children to discriminate 
letter patterns vastly improved their ability to draw them; no other 
details of this study are given by Holland, and none could be found by 
the present author. 
Holland and Matthews (1963) modified a tape recorder so 
that 8 and 9 year old children requiring articulation therapy would be 
reinforced after discriminating difficult sounds correctly. Children 
with defective's' discrimination and articulation improved both of these 
after working through the 585 items of the teaching programme on the tape 
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recorder even when no work had actuallY been directed at their 
articulation. The results suggested to the authors that: 
"Challenging opportunities lie in the extension of teaching 
machine concepts to other areas of speech pathology and 
audiology." (p.482) ~ 
Skinner's programme (described brieflY in Holland, 1960) 
with which no work seems to have been done, was used as an example by 
Holland as he pointed out that, although simple form discrimination was 
an essential skill, the skill of being able to abstract properties from 
forms (concept formation) was perhaps more important still in education: 
9.1. 
"However, little academic education is simple discrimination. 
More often, it is abstraction, or concept formation. An 
abstraction is a response to a single isolated property of a 
stimulus. •• There are red balls, red cars, red walls. The 
term red applies.to them all, but not to green balls, blue 
cars, or yellow walls. To establish an abstraction ••• we must 
provide m~ examples. Each must have the common property, 
but among the various example s there must be a wide range of 
other properties. This is best illustrated by examples from 
the preverbal machine shown below." (Holland, 1960, p.282) 
The examples given by Holland are illustrated in Figure 
Holland's final example of the kind of approach he was 
advocating was the work of Long. A 234-item matching to sample programme 
(of which ~ items are shown in Figure 9.2) required mildlY retard~d 
and normal children aged 6 - 9 years to reason inductively to gain 
reinforcement. The child's task was to select the stimulus which correctly 
completed the series shown in the upper panel. The programme was tried 
and revised by Long but no extensive validation of it appears to have 
been carried out. 
These studies are important as illustrations of an 
educational 'philosophy' suited to programme development with matching 
to sample machines and two of them offer some evidence of its value in 
apparently demonstrating the transfer of skills acquired during training 
to other tasks. Unforlunately the fact that these studies are available 
in but scant detail must lead to caution about accepting the value of this 
approach to programme development too readily. 
In some respects the studies described in Chapters 2 and 3 
of this volume adopt a similar belief in the value of discrimination 
training. The general approach of these studies, it will be recalled, 
was to teach the particular mode of operation of a particular teaching 
machine (which usuallY involved matching to sample) to the subjects, to 
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the stimulus properties of size and, orientation. 
o 
or:t 
00 
...... 
N 
~ 
CO 
~ 
B 
CJ 
~ 
CJ 
c::J ~ 
CJ 
-
I 
OOJ 
, 
-~ tI S$ II 
- 216b- . 
1.0 
1.0 
1.0 
10 
C:J 
~ 
.. 
I 
CJ 
~ 
-
-.. .. 
-
-
~ 
B 
-
.. 
B 
B 
-
I 
I 
~ 
-
n 
.. 
I 
I 
I 
-
-
I 
-
B 
C8 
"<t 
-
-
C3 
-l} 
(} Q B 
.. 
.. 
.. 
-B 
B B (J 
n 
I 
c:J 
, 
Dm1 
~ 
B 
-~ 
~ B ~ 
c::J 
.. 
n 
B 
B 
-
.. 
B 
B B .. 
Figure 9. 2 : Sl~des ~sed in the . study of r~ng in t~e teaching of ' i nductive 
reasoning '. The ch~ld ' s task 1S to select the stlmulus in one of the 
lower panels which continues the series of stimUli shown in the Upper 
panel . 
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use this then to test the subjects' ability to discriminate various 
forms of experimental interest and then to use the machine, in conjunc-
tion with a suitable teaching programme, to improve the particular 
discriminatory performance. All af the studies described in Chapters 2 
and 3 adopted this general aapproach, although some of them did not repeat 
each of its three stages. Hively, for example, did not proceed beyond 
the initial stage, Fellows not beyond the second stage (with his matching 
to sample machine). 
It would appear that this approach was a successful one, 
in that maQY of the subjects in the stUdies displayed more correct 
performance on slides requiring difficult discriminations after the 
training sessions than before. This success was found with a variety 
of subject material. Bijou required subjects to discriminate forms 
differing in their orientationj" Staats studied the discrimination of 
letters and groups of lettersJ Sidman and Stoddard programmed the 
discrimination of circles from ellipses which, at points, required 
extremely fine discriminations; and Edwards and Rosenberg studied 
discriminations of theoretical interest in the study of aphasia, 
particularly the discrimination of v~ous letters and words, as well as 
the patients' ability to discriminate 'nonsense shapes' of increasing 
complexity. 
The studies are similar to one another in that such authors 
each attributed the improvement of their subjects in discrimination 
performance which occurred during their teaching programmes to their 
careful arrangement of the subject matter of the programmes. This 
arrangement typically conformed to the maxim of Skinner that success 
should be frequent in a teaching programme, perhaps occurring on 90% 
of frames, and errors few. To achieve this rate of success stimulus 
'fading' was often used to smooth the transition from easy to hard 
discrimination problems. Each frame WOUld, therefore, be an easy 
problem for the subject and he would rece~ frequent reinforcement during 
his performance on the programme. The doctrine that learning is the 
responsibility of the teacher to teach effectively rather than that of 
the pupil to work at the solution to problems himself is readily apparent 
in this approach to progr~e development, it m~ be noted. 
Despite this careful design of programmes, however, there 
have been occurrences of children developing patterns of incorrect 
responding in each of the studies cited. This emphasizes, of course, 
the fact that careful programme design must necessarily involve a 
specification of a 'target population' of the subjects for whom the 
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programme is designed. Using programmes outside their 'target' 
population' necessarilY must reduce the value of careful design. 
Such studies demonstrate that the use of teaching machines 
employing the principle of matching to sample, in conjunction with 
carefullY designed programmes employing the principle of stimulus fading, 
can be used to improve the discrimination performance of some subjects 
on a selection of visual material. They thus illustrate the overall 
feasibility of the proposals of Skinner and Holland that such methods 
m~ be used for the teaching of discriminative skill. However, they 
show merelY that performance on the immediate teaching programme may 
improve; they do not show that such s~ill m~ transfer to other tasks. 
The proposals of Skinner and Holland and the work 
described above represent one important approach to the development of 
programme materials for matching to sample machines such as the Touch 
Tutor. We have seen that this approach emphasizes the teaching of 
visual discrimination performance, by programmes involving a gradual 
increase in difficulty, with the immediate aim of improving discrimination 
, 
performance on particular classes of stimuli or of teaching a general 
skill of discrimination which would be useful in other aspects of 
education for the subject. SimilarlY, it has been suggested that other 
basic educational skills, such as inductive reasoning, might be taught 
in the same w~. The studies cited have shown the possibility of 
improving discrimination performance on particular classes of visual 
material but have provided little evidence of the possibility of the 
transfer of skill from machine and programme to other tasks. 
We shall now turn out attention to the programming style 
of Cleary and Packham, the originators of the Touch Tutor, which 
represents a second important approach to the development of programme 
materials for the Touch Tutor. 
(ii) The use of matching to sample by the originators of the Touch Tutor 
Clear,y and Packham do not seem to have offered any 
) 
rationale for the w~ in which their programme material is designed, but 
it clearlY represents a different approach to that taken by the various 
workers described above. In their programme the child is given no help 
from a gradual progression of subject matter (or indeed from anything; 
although it is noteworthy that they did devise (see Clear.y et aI, 1970) 
a version of the Touch Tutor in which a device dimmed the incorrect 
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response alternatives when a child's performance fell below a certain 
level. The technique was never developed, however, beyond its initial 
stages, but is offered a randomlY arranged assortment of matching 
problems. The child is intended to work at these until his performance 
improves through a process of trial and error, the programme material 
endlesslY recirculating. ·With regard to subject matter, some of the 
slides contain material similar to that used by previous workers - the 
child is asked to match pictures, colours or geometric shapes, which 
are easilY discriminable stimuli, or words or phrases, requiring more 
difficult discriminations - but on other slides they introduce the more 
difficult task of matching 'conceptually' as opposed to the 'perceptual' 
matching of the visual discrimination items. In these slides the sample 
item is a word or phrase and the response items are pictures, one of 
which is a picture of the object or action indicated by the sample word. 
If the child cannot read his initial response to such slides has to be 
a guess since, unlike the 'perceptual' matching slides, the correct 
choice is not indicated by the stimulus arr~ alone. If the child 
makes a correct choice the machine names the stimulus word which both 
rewards the choice and 'ties together' the word and the picture. 
Apparently this nam;ing is much more effective in improving perfonnance 
on these 'reading' slides than is a more general reinforcement such as 
'Well done' (Huskisson et a1., 1969). It ~ould appear, therefore, that 
the introduction of the machine nam~ing the sample stimulus presented by 
the machine is a valuable addition to the matching to sample technique 
in that it seems to increase the effectiveness of 'conceptual' matching 
slides. It has the additional advantage, of course, in that it enables 
the machine to be used for the presentation of much more 'factual' 
information. The machine could be used to present the child with the 
names and attributes of objects unknown to him. 
In 1971 thirteen programmes were available from the makers 
of the Touch Tutor of which seven, designed with S.S.N. children in mind, 
involved the matching of colours, shapes and pictures, and six with the 
matching of words to their picture equivalents. Unfortunately, little 
information is available concerning the progress of children on these 
programmes so that it is difficult to evaluate the effectiveness of 
Cleary and Packham's programming style. It would appear from the data 
that is available thavsome S.S.N. and young normal children responded well 
to the programmes and that they could progress through them until they 
" 
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were matching the majority of slides correctly. On the other hand 
some children developed incorrect patterns of response such that their 
performance remained at chance level throughout their work on the 
programmes. No reports of transfer of knowledge or skill obtained on 
the machine to non-machine situations seem to exist. 
These results are similar to those obtained with the 
programming styles of Skinner and his followers. We may now legitimatelY 
ask whether any differences in the effectiveness of the two styles in 
achieving these results is apparent. 
(iii) Differences between the two programming styles 
The approaches to programme design of Skinner and his 
followers, and of Clear,y and Packham, are different in two main respects. 
The first relates to the advantages or disadvantages of a careful 
sequencing of material as opposed to its random distribution throughout 
the programme. The second concerns the educational value of specific 
aspects of the methods; whether, for example, the teaching of discrimin-
ations is a valuable thing to do and what advantages, for example, verbal 
naming might have. These two points may be seen as concerning how best 
material may be taught by such matching to sample machines as the Touch 
Tutor and what kinds of material mllY fruitfully be taught. 
(a) The arrangement of programme items 
A number of studies (Terrace, 1963a,b with pigeons; 
Hively, 1962 with primary school children; Moore and Goldiamond, 1964 
with pre-school, normal children; and Sidman and Stoddard, 1967 with 
S.S.N. children) have been aimed at determining di~ferences between 
discrimination performance during teaching programmes involving, on the 
one hand, discrimination problems carefully sequenced in ascending order 
of difficulty to minimize errors (such sequencing being achieved by 
stimulus 'fading') and, on the other hand, programmes without such 
sequencing. Two main findings have emerged from such studies. Firstly, 
programmes carefully sequenced have led, in each study, to the more rapid 
attainment of criterion discrimination performance on simultaneous, two-
choice discrimination problems (Terrace, 1963a,b), matching to sample 
problems (Hively, 1962; Moore and Goldiamond, 1964) and oddity responding 
(Sidman and Stoddard, 1967) than have unsequenced problems, and with 
fewer errors being made. Secondly, it has appeared that allowing 
subjects to make errors by giving them unsequenced programmes has tended 
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to cause poorer performance in similar discrimination learning problems 
given later in the programme. These effects have been attributed to 
the fact that unsequenced programmes permit the subject to make errors 
which are unwitting~'reinforced by the apparatus. Error 'tendencies' 
would, therefore, be more likely to appear in similar, subsequent problems. 
The belief of Skinner that performance in teaching programmes should be 
virtually error-free is thus given direct support by these studies, at 
least for the teaching of discrimination performance to criterion. 
But although the careful sequencing of teaching material ' 
would thus seem to have advantages over randomly arranged material, 
three difficulties would appear to be inherent in its use. Firstly, the 
time involved in the design of such a programme (Sidman and Stoddard, for 
example, made six revisions in order to create an optimally effective 
sequence for their circle-ellipse discrimination programme) is likely to 
make the development of such programmes extremely costly. Secondly, 
when produced, they are likely to be effective for only a limited number 
of children, losing their attribute of effectiveness for children outside 
their 'target population'. Thirdly, there is no evidence that children 
do not in fact gain more from the experience of working on a difficult 
task than on one which is easy for them. That is, that al though it may 
take children longer to reach criterion on a difficult task, the fact that 
they are being given more of a problem to solve maybe teaching them skills 
which might prove useful in further tasks. In not examining the nature 
of children'S performance on transfer tasks performed after working on 
teaching programmes it is possible that the full value of them is being 
missed. In this respect, the work of the Clarkes on the nature of the 
transfer of learning shown by the S.S.N. is both interesting and relevant. 
In several studies, the Clarkes have demonstrated greater improvement in 
discrimination tasks (a typical task would involve the sorting of symbols 
or pictures into containers) shown by subjects given pre-training in 
complex tasks than by subjects given pre-training in simple tasks. For 
example" Clarke and Cooper (1966) demonstrated that the variable of 
task complexity was resonsible for findings that the amount of transfer 
shown by young s.S.N. persons (aged about 9 years) in discrimination tasks 
was considerably greater than that shown by older persons (aged 17 years 
and above). (Clarke and Blakemore, 1961; Clarke and Cookson, 1962). 
TYPewriter key sorting and Minnesota form-board tasks were adjusted in 
difficulty so that the starting scores of adults and children were the 
-222-
same for each task. This making the typewriter key sorting task harder 
for the adults to bring their initial score down to that of the children 
resulted in increased transfer for them to a different version of the 
same task; reducing the difficulty of the form-board task for the 
children so that their scores were equal to those of the adults at the 
outset of the task reduced the amount of transfer shown by them on a 
similar task. It thus appeared that the greater the initial difficulty 
(or 'complexity') of a task, the greater was the amount of transfer from 
it. A second experiment extended these findings (Clarke et a1., 1966). 
In this experiment grou~s of S.S.N. children (average age approximate~ 
12 years) were given picture sorting tasks of differing diniculty, the 
easiest of which required the sorting of picture shapes of the same 
shapes but in terms only of their outlines ignoring their content which 
was thus a distractor. After training in these tasks children were 
transferred to a task involving the sorting of pictures of human beings, 
animals, funniture, tableware and clothes into compartments labelled with 
an example of one of these categories. Children thus had to sort 
conceptually rather than in the pure~ perceptual manner required by the 
pre-transfer tasks. Results showed that all children given pre-training 
did better in the transfer task than did children in a control group who 
had been given no such training and that children given the two more 
complex training tasks learned the transfer task with fewer errors than 
children given pre-training with the simplest training task. Moreover, 
in each experimental group of children, children showing low initial 
performance showed greater transfer than children with high initial 
performance. Difficulty could thus be seen as important in determining 
the amount of transfer to a new task, whether this was defined in terms 
of how hard different children found the same task or in terms of how 
hard different tasks were for similar children. In addition, it seemed 
that transfer had taken place in terms of the children's ability to sort 
and categorize since, unlike experiments such as those of Clarke and 
Cooper (op.cit.), the training and transfer tasks had little in common 
in terms of the kinds of stimulus materials used in them. 
This is interesting, for it generates the possibility of 
teaching conceptual behaviour as a 'formal discipline', rather as Skinner 
and Holland have suggested. 
On three counts, therefore, problems exist in the preference 
of carefullY sequenced stimulus material in a teaching programme aimed at 
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producing error-free performance to that of a randomly arranged set of 
problems. The former are costly to produce, suitable only for a 
limited number of children as error-free programmes, and possibly 
educationally rather sterile. On the present evidence if numbers of 
children are available for the development of such programmes, if 
development time can be justified, and if it is required that criterion 
performance be rapidly generated in specific groups of children then 
error-free programmes are to be preferred to randomly distributed ones. 
If such conditions do not apply, an argument may be made out for the 
use of a randomly-arranged set of problems to be used as a teaching 
programme. Perhaps the main objection to such use is the possibly 
greater occurrence of incorrect patterns of response under conditions of 
random arrangement than under conditions of careful fading. It has, 
however, still to be shown that such patterns of response, ever-present 
as they are in problem-solving tasks, are inevitably bad. If they do 
indeed represent facets of the development of problem-solving strategies 
in the child they should be encouraged to persist rather than suppressed. 
How best they should,be encouraged is, however, a question for further 
experimentation. 
(b) Determining what may be taught 
Turning now to the question of what might be taught by 
matching to sample machines, we shall consider firstly machines prior to 
the Touch Tutor, which did not employ 'verbal naming', before considering 
what advantages such a facility may have. 
Earlier, we noted the paucity of evidence provided by 
Skinner and Holland concerning the possibility of using matching to smmple 
teaching programmes to teach skills basic to education such as reasoning 
and discrimination. The work of Clarke does in some measure remedy this 
by providing evidence of the possibility of teaching such skills by 
appropriate practice. The sorting of shapes into containers (a kind 
of matching to sample task) has led, as we have seen, to improved 
performance on tasks in which the only similar element was the ability to 
sort and categorize stimuli. Similarly, Clarke (1910) cited an 
experiment which demonstrated the possibility of adult S.S.N. subjects 
acquiring a set for the classification of words presented orally in a list, 
after training in which the categories present in similar lists were 
emphasized. This learned set gave rise to the subjects' quicker 
acquisition of a list which contained words which could be classified 
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but in which the words were actually randomized, in comparison to that 
of subjects who had not been exposed to training in which the possibility 
of categorizing the items of a list was made apparent. According to 
Clarke and Cookson (1962) such tasks appear to give rise to a generally 
improved 'know-how' about the execution of the task, and to improved 
perceptual and conceptual discrimination. other things being equal, it 
would seem likely that subjects could gain in a similar w~ from matching 
tasks presented on machines. There is a need, however, to determine 
empirically whether this is so. In addition, there would seem to be a 
need to determine an appropriate curriculum of skills-to-be-taught for, 
although improved perceptual and conceptual awareness is valuable, it is 
possible that the S.S.N. have other, more pressing needs. In this 
respect, work aimed at delineating particular perceptual and cognitive 
deficits of the S.S.N. or work aimed at determining the main prerequisite 
skills of particular future careers they m~ adopt could be of immense 
importance. 
Those machines which employ only matching to sample (with 
appropriate reinforcement of responses) as their means of presenting 
information tend to be restricted in the subject matter they can present 
to the kind of perceptual/conceptual problems we have been discussing. 
The Touch Tutor, on the other hand, has the possibility of presenting 
subject matter verbally as well as visually, .. ,hich may be a most valuable 
facility. Let us now consider what the machine's advantages are in the 
inclusion of verbal naming in its mode of operation. 
Clear,r and Packham have presented little information 
about what children have gained from hearing the Touch Tutor name stimUli 
presented on the machine. Their experiments have, however, suggested 
that the naming acts as a reinforcer for correct responses, in that 
children have learned to match to sample on the machine while working 
through matching problems with verbal naming as the reinforcement for 
correct responses. Moreover, it has been reported that, in the early 
stages of work with the machine, sweets were no more effective in main-
taining responding than were the reinforcements of the slide-change and 
the machine speaking (Mayes, 1968). 
In addition, it has been suggested (Huskisson et al., 1970) 
that pre-school normal children will acquire the 'name' of a word shown 
on the machine in the process of matching pictures to their word 
equivalents, in that they come to make correct responses to such 
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'conceptual' matching slides to which it would, if the child could not 
read the word, be impossible to respond correctlY. 
More explicit evidence of the possibility of S.S.N. 
children +earning to 'read' words from the Touch Tutor come from a study 
by the present author and Dr. N.A. Beasley conducted shortlY after the 
first main study reported in Chapter 5 of this volume. 1 children able 
to match to sample at the end of the study were given further practice~th 
matching to sample material. to strengthen their skill and to give them 
experience of matching stimuli novel to them. Six words were then 
selected and hand-written in lower-case letters on flash-cards. These 
were presented twice to the children as a Pre-test, with no knowledge 
of results, during which children were asked to name the words. Children 
then worked through 54 matching to sample slides presented on the Touch 
Tutor in which they were required to match these six words on slides in 
which the sample item was a word and the correct response was the same 
word, while the other panels contained similar words as distractors. 
The words portr~ed on the slides were written in 'Letraset' pre-printed 
transfers. If children responded correctlY the machine spoke the word 
aloud. At the end of the 54 slides the Pre-test was repeated and it was 
repeated again one d~ later. Results (Table 9.1) showed Pre-test to 
post-test gains in all the children, there~y indicating the possibility 
of children acquiring the names of stimuli presented on the Touch Tutor 
in the course of working upon it. Moreover, there was transfer to a 
non-machine test. This study is also reported by Beasley (1973). 
Table 9'1 
Numbers of words (out of six) correctly read by seven S.S.N. children 
before and after working on a sight-reading programme presented on the 
Touch Tutor 
S Pre-test Post-test Retention test 
.... 
E.W. 2 6 6 
C.G. 3 6 6 
L.B. l 3 2 
M.G. 0 2 2 
P.B. 0 5 4 
J.B. 0 2 3 
D.B. 0 2 0 
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A second potential value of the facility of verbal naming 
is that of encouraging children to vocalize while working on the machine. 
Harper et a1. (1971) noted the tendency of some children to respond 
vocally to the Touch Tutor while working upon it, naming pictures presented 
on the machine before the machine itself had done so. Again, little 
information is available with which to assess this phenomenon from the 
studies of C1ear,r and Packham but some indication of how frequently 
children do this is obtainable from the author's studies of the 'Redcourt' 
children. 8 out of the 23 children studied during Experiment 3 either 
named some of the pictures when they appeared on the machine or copied 
the machine's naming of the stimulus picture. 
A third potential value of verbal naming stems from the 
above. If the machine is capable of teaching children the names of the 
stimuli which appear on its sample panel, it could be that the machine 
would be useful in the provision of 'verbal mediators'. As an example 
of this, an experiment of O'Connor and Herme1in (1959) may be cited. 
O'Connor and Hermelin presented young S.S.N. children and young normal 
children matched for M.A. with a task in which the choice of the larger 
of two squares was rewarded. Both groups learned this in a similar 
number of trials. On mastery, the smaller of the stimuli became the 
positive stimulus and the trials were continued to the criterion 
required for the original learning task. The two groups then displayed 
differences in their rate of acquisition of the reversal task with the 
young normal children taking significantly longer than the subnormal 
children. The authors interpreted this as evidence of a lack of verbal 
hypothesising in the subnormal children, for whom the second task was 
merely another perceptual learning problem in contrast to the young 
normal children who, having acquired a verbal hypothesis about the 
nature of the solution (tiThe sweet is under the big square") in the 
original task, were hampered in the second task. In support of this 
hypothesis were the results of a second experiment with a different group 
of S.S.N. children who, when given verbal explanation of the relationship 
between the reward and the stimuli in the original learning task, took 
considerably longer to master the second task. 
It is possible that similar results could be gained by 
using the Touch Tutor. Were this the case the machine would again be 
aimed at the teaching of 'basic academic skills', rather than at the 
teaching of 'factual' information. Once again, however, the question of 
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the extent of transfer would need to be raised and carefully examined. 
To summarize, verbal naming does seem to be a valuable 
addition to the mode of operation of matching to sample machines. It 
not only has the function of a reinforcer but also gives the possibility 
of teaching children the names of written words and objects, of giving thm 
verbal mediators and of encouraging their vocali~ions. To realize 
these possibilities to aQY degree, however, there is a need for extensive 
further work to examine what children can gain from such programmes 
presented on the machine. 
(3) Discussion 
The preceding discussion of some of the issues relevant 
to the development of further teaching programmes for the Touch Tutor 
has revealed that one of the major problems in this area is the lack of 
information about the effects of possible programmes on the children. 
Nevertheless, we have been able to determine some w~s in which the Touch 
Tutor might be valuable in the education of the S.S.N. and to what 
problems further research might turn. 
The discussion has, in particular, focussed upon the w~s 
in which children's performance upon matching to sample programmes 
presented by machines has improved and with what kinds of subject matter 
such improvement has been found, the extent to which skills acquired on 
such programmes have transferred to fresh situations, and the extent to 
which differences in programme performance have been apparent. 
It appeared that experience on matching to sample 
machines could lead to improved matching performance on problems 
requiring both perceptual and conceptual discrimination and that, while 
working on such problems with a machine like the Touch Tutor which has 
a feature of 'verbal naming', children might pick up the names of such 
sample stimuli as written words or pictures. Evidence upon the extent 
to which knowledge or skills acquired while working on such programmes 
might transfer to other situations was slight; however, related work 
using similar tasks, but not actual machines, suggested that children 
could acquire three things from working on matching problems of a 
suitably complex kind, !!!., improved general know-how about the nature 
of the task, improved perceptual discrimination and improved conceptual 
ability, which would transfer to other tasks. And, on programmes 
involving the verbal naming of the matching stimuli, there was some 
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evidence that children could transfer the names of objects (as in the 
acquisition of sight vocabular,y). 
The discussion raised problems about the w~ in which 
programme material should be sequenced. Some workers have argued the 
necessity of careful sequencing of stimulus material in ascending order 
of difficulty; others have favoured, without specifica~ arguing the 
merits of such a method, random distribution of items throughout a 
programme. The probable advantage of the former method, which was 
suggested by the available evidence, was that children m~ be quickly 
led to criterion performance on discrimination slides, with the 
minimization of the appearance of incorrect patterns of response. In 
contrast, the latter appeared to lead less quickly to criterion, and to be 
causing the development of incorrect patterns of response. It was, 
however, pointed out that the development of error-free programmes 
could be time-consuming, possibly ineffective for subjects outside the 
'target population' of the programme, and, since error-patterns would 
be less frequent, possibly poor training for non-faded problems. To 
expand on this last point, the S.S.N. child has few carefully sequenced 
pro~ms placed before him in everyd~ life, which suggests the need (as 
Clarke (1970) has done) for providing such people with experience in 
complex, problem-solving situations. Thus, as suggested earlier, it 
could be valuable to permit incorrect patterns of response to be 
developed, rather than to encourage 'spoon feeding' by the programme 
designer. It is interesting that, in another context entirely, Duncan 
(1972) commented on a similar difference between two types of training. 
Industrial trainees (of normal intelligence) given 'algorithms' for 
locating the origin of contaminant in an acid purification plant were 
superior in fault location in situations appropriate to the algorithm to 
trainees given explanations and diagrams of the flow of acid through 
the plant. They were, however, inferior in the retention of such fault 
finding and in fault finding in situations not covered by the algorithm. 
Duncan interpreted this as an example of: "programming performance rather 
than programming learning" (op • cit., p • .3.3), which is an important 
distinction. Similarly, the writer has heard Adult Training Centres 
spoken of disparagingly for using 'jigs', these being blamed for ensuring 
speed and accuracy of output at the expense of the trainees' skill in 
counting, discrimination or whatever skills practice in the whole task 
1Jli ght generate. 
-229-
The above discussion of the kinds of subject matter which 
might effectivelY be taught by the Touch Tutor and of the best ways in 
which material might be sequenced could, in some w~s, be thought an 
expensive luxury in relation to the Touch Tutor. For, once a decision 
is reached about the general format of teaching material, the practical 
problems of creating the material arise. 
Ideas about the potential of teaching machines like the 
Touch Tutor have been voiced by each of the workers who have used them, 
without the subsequent appearance of appropriate programme material 
which could begin to realize such potential. The exception to this has 
been in the work of Marshall (1969) and Morgan (1971), both of whom have 
believed strongly in the value of 'programmed instruction' and mo, as 
Headmasters of E.S.N. schools, have been in a position to implement their 
ideas. More than this, however, they have been close enough to the 
children and their teachers to determine their particular educational 
needs and have had the energy to develop a wide range of programmes 
and suitable machines for the children to use. Particularly important 
would seem to be the development of a ~ range of programmes J both 
Marshall and Morgan have developed an extensive library of programme 
material to suit the needs of children with different interests, handicaps 
. and ages. 
The teacher m~ be in the best position to decide upon 
subject matter for teaching programmes, but teachers must have access 
to the means physically to make them. In this respect the Touch Tutor 
and similar matching to sample machines have particular disadvantages. 
It is important to realize that the majority of the machines mentioned 
so far in this volume have required the user to prepare visual teaching 
material on 35mm. photographic slides, a costlY process and difficult 
for the novice. In this respect, the Touch Tutor is no exception, 
requiring the preparation of art-work of a fair standard, its arrangement 
into matching to sample format and photography with a camera of good 
definition. In addition, for the Touch Tutor, the user must be able to 
record the auditory equivalents of the words on magnetic tape on stereo-
phoniC equipment, and then splice and load the resulting recorded tape 
into an endless loop tape cassette. Care must finally be taken in the 
mounting of the photographiC slides so that the stimuli appear in the 
centre of the response panels. It is thus a difficult, time-consuming 
and costly procedure to manufacture programmes for the Touch Tutor, a 
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fact which has to be bornein mind when considering the wider use of the 
machine. Moreover, once a programme of slides has been made, there 
should ideally be e~uation and further revision, which again are 
exacting and time-consuming activities. 
These considerations suggest that a machine for which 
programmes would be physical~ easy to develop programmes would be an 
advantage over the Touch Tutor. Even so, there would probab~ be a 
need to appoint a teacher to devote time to determining the needs of 
other teachers for programme material and to making and evaluating 
programmes according~. 
(4) Conclusions 
In conclusion, it would seem that it is possible to 
envisage the use of machines like the Touch Tutor for both the teaching 
of 'academic skills' (for example, 'discriminating') and particular 
'topiCS' (for example, the recognition of words). What is presentlY 
lacking, however, is a selection of programmes for use on the basis of 
the results of which more specific evidence of what such machines can 
teach might be gained. 
Probab~ the major drawback in the development of such 
programmes is, however, the technical difficulty of making such 
programmes which would deter the teacher from putting her ideas for 
programmes into practice. If this difficulty were overcome, and if 
teachers were encouraged to devise new ideas for programmes, one could 
look forward to a greater selection of material for the Touch Tutor. It 
would then be interesting to pursue some of the 'academic' problems 
raised in this chapter concerning the learning of children under different 
programme formats. 
Before leaving this discussion, two final points must 
be made. We have so far concentrated upon matching to sample as a 
means of presenting teaching material which limits teaching to children 
able to match to sample. One might ask how far such a machine would 
be useful to children willing to respond to the machine but who were not 
able to match to sample. It is possible that the machine would be 
useful in providing general stimulation to such children and in encouraging 
sustained responding, rather in the manner of other operant apparatus; 
in encouraging vocalizations, and, were one-choice slides used exclusive~, 
it might give rise to such children's acquisition of the names of stimuli. 
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As yet there is little evidence on the extent to which such possibilities 
could be realized by using such machines in this w~ (although we shall 
discuss, in Chapter 10, some evidence on the last possibilitY)J it is 
necessary, however, to realize that the use of matching to sample 
machines for this kind of task is wasteful. A simpler machine could 
provide children with one-choice slides only, at a fraction of the cost 
of the Touch Tutor. The main reason for this is, of course, the 
increase in the complexity of circuitr,r which stems from a need for a 
machine to discriminate between correct and incorrect responses and to 
be able to discriminate between 'random' and 'matching to sample' 
performance over a series of slides. 
-2.32-
CHAPTER 1 0: CONCLUSIONS 
This chapter discusses, firstly, some of the developments 
in the use and design of the Touch Tutor which have taken place while the 
work reported in this thesis was being carried out. Secondly, it 
examines the extent to which the aims of the thesis with respect to the 
proposed Evaluation of the use of the Touch Tutor with the S.S.N. child 
have been achieved. Thirdly, it discusses the work of the thesis with 
respect to the wider context of the educational treatment of the S.S.N. 
and, more particularly, the part the Touch Tutor and machines similar to 
it are likely to play in this treatment. 
(1) Recent developments in the use of the Touch Tutor 
For reasons of clarity the author has not described some 
of the work using Touch Tutors which has taken place since the present 
work began. This omission will now be rectified. 
By March 1971 some 20 Touch Tutors had been sold in 
Britain, mainly to schools or research bodies concerned with E.S.N. or 
S.S.N. children (Cleary and Pa:kham (1972). Infonnation about the use 
of only some of these machines has come to the present author, however. 
Some .3 machines had been used under the auspices of the 
Hester Adrian Research Centre in Manchester I by Mr. C.C.Cunningham. One 
machine had been used by Mrs. Freda Levinson at Harperbury Subnormality 
Hospital. Some 5 machines were under the general supension of Mr. D. 
Moseley of the National Society for Mentally Handicapped Children and 
other machines had been used by the research team of Cleary and Packham. 
Since March 1971 the situation has begun to change, so that at the time 
of writing, (January, 197.3) the work of Cleary and Packham, Levinson,. 
and MJseley has virtually ceased, while that of Cunningham has reduced, 
as far as the present author is aware. 
After 1968 the originators of the Touch Tutor continued 
to develop the machine, following two major lines of progress (Cleary and 
packham, 1972). Firstly, methods of reducing the number of incorrect 
responses made by subjects by machine-based (rather than by programme-
based) cues were explored. Secondly, work was directed at the testing 
of the transfer of knowledge by children from the machine to a text and 
at the development of programmes to teach number concepts. 
Two means of cueing were devised. One involved the 
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progressive dimming of the incorrect response alternatives, as the 
number of errors made by a subject increased. Thus, immediate 
correct performance on three-choice matching to s"ample slides resulted 
in no cueing but as soon as errors began to occur the incorrect response 
stimuli started to dim. The other means of cueing involved the naming 
by machine of the sampe stimulus on the appearance of a slide, the 
loudness of this varying with the number of errors made, rather in the 
same way as in the v:ialal cueing. 
The two types of cueing were tested on fifty six normal 
children aged between 4 years 4 months and 5 years. Children were 
initiallY given no instruction in matching to sample and were allowed 
to work on the Touch Tutor for 8 sessions. Under each condition of 
cueing children were allocated randomlY to one of four conditions, 
which were differentiated by the performance level at which cueing was 
terminated. These levels were: 55%, 69%, 79% and 86% responses correct. 
On the first session the initial performance level was set at the cueing 
level for that condition (e.g. 55%) so that no children would begin with 
the full matching task. At the end of each session the performance 
level of each child was noted and used as the starting level for the next 
session. The same procedures were used for the auditor,r cueing 
conditions. 
The results appeared to indicate to the authors that 
auditor,y cueing was more effective than visual cueing in raising the 
children's performance towards the predetermined levels. Although the 
general characteristics of the children's performance under the two 
conditions were similar, the average number of slides taken by children 
in the auditory cueing condition to reach the final performance levels 
was approximatelY half that taken by children in the visual cueing 
conditions. A high correlation between initial performance and the 
predetermined level appeared in the auditory condition which seemed to 
the authors to point to the effectiveness of the cueing. No explanation 
for these effects, or any discussion of the results or implications of 
the developments were offered by the authors. 
As with the above studies, the work directed at the 
testing of machine-to-text transfer was not reported in complete detail 
in the above report of Clear,r and Packham. However, in a complex 
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experimental design, 13 children were given the opportunity to work on 
programmes of words and phrases based on the material contained in the 
first two books of the 'Ladybird' Reading Scheme. The children, who 
were aged approximately 5 years and who had had no formal training in 
reading, were divided into two groups. The two groups both received 
pre-training with the tt-1 tt pre-reading series of slides prepared by 
the authors, followed by pre-tests on flash-cards of words from the 
Ladybird books. A cross-over design was then employed to assess the 
effects of the programmes based on the Ladybird books against the existing 
programmes in the reading series of Touch Tutor programmes (programmes 
"0" to "+4"), as measured by the repeat of pre-tests. Unfortunately, 
the results of this study were not reported. It is,therefore, 
impossiple to determine whether children did acquire the words and 
whether they were able to transfer their knowledge from machine to text. 
With regard to the development of programmes involving 
number concepts a brief description of these was contained in Cleary 
and Packham (op.cit.) but no description of results obtained with these 
programmes was given. 
Cleary and Packham have ceased developing the Touch Tutor. 
According to Cleary (Personal Communication, 1971) the response of 
educationalists to the Touch Tutor was disappointing, one of the main 
factors in this appearing to be the cost of the machine. 
vein they noted: 
In a similar 
"The machine we designed is, of course, too expensive for use 
on any scale in primary education, so perhaps we should devise 
cheaper, less complex systems ••• tt (Cleary and Packham, 1971, p.8.) 
However, they saw some value for the machine in the 
future: 
"As far as future developments are concerned, the machine 
seems to have found a limited but useful function in the 
education of subnormal children and as a research tool in 
psychology." 
and believed that: 
ttit is likely that the Touch Tutor and similar machines will 
be used increasingly for teaching subnormal children (see 
Levinson, 1970b). tt (~.) 
The work of Cunningham (1970 and Personal Communication, 
1971) focussed upon the use of the Touch Tutor for the assessment and 
subsequent remediation of visual deficits in S.S.N. children in Special 
Schools in the community (excluding children in Special Care Units). 
Cunningham's approach was to use cards containing stimUlus material for 
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his initial work with the children so that their matching to sample 
skill could be developed and initial problems (such as shyness) overcome. 
His mode of instructing matching to sample was eclectic but princip~t 
components were encouraging children first to point at objects on command 
and then encouraging them to find objects which were the same or to 
point first to the sample stimulus and then to 'find one like it'. As 
far as the present author is aware, however, Cunningham used no method 
exclusivelYJ for example, with some children a series of sequenced 
matching problems similar to those used by HivelY (1962) was used. 
UnfortunatelY, the results of Cunningham's work are 
unclear. Using the cards in a face-to-face situation it appeared that: 
"The vast majority of children could solve match to sam{'le 
problems ••• or could be trained to do so." (1970, p.27) 
and Cunningham (1 971) believed that 95% of children in 'Junior Training 
Centres' were able to match to sample. However, it was not clear whether 
Cunningham allowed children to work completelY unaided. Where children 
failed to touch the matching stimuli it appeared that he would sometimes 
point to the sample stimulus. Since his primar,y interest was in testing 
the children's discriminatory capacities, this was a legitimate procedure 
for him to adopt. 
Cunningham (1970) presented a profile of scores for S.S.N. 
children on match to sample tests involving discriminations among real 
objects, geometric shapes, objects varying in size, in rotation and in 
apparent distance presented on cards as described above. A group of 
30 such children obtained scores on these tests which suggested a 
hierarchY of difficulty of discrimination in the same order as these 
attributes are mentioned above, with the perception of distance being 
the hardest discrimination. Individual profiles for two children 
were presented, however, revealing for one child an apparent deficit in 
size discrimination and for the other one in the discrimination of 
rotation. 
Levinson (1970a,b) used the Touch Tutor with some of the 
children in a subnormality hospital. Children were given initial 
instruction and demonstration in the use of the machine and were then 
left alone. Of 12 children (whose I.Q.'s ranged from 20-50 and whose 
C.A.'s ranged from 1 to 14 years) selected from a pool of 35 who were 
considered likelY to respond to the machine 4 reached criterion on at 
least one of the makers' series of slides. However, the remaining 
children seemed disinclined to touch the machine and were unwilling to 
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remain alone with it. AccordinglY, there seemed a need to encourage 
children to stay on their own with the machine and to establish touching 
firmly before introducing matching slides. To achieve these two aims, 
a programme of slides in which the same stimulus appeared on each response 
panel during a slide was made, so that children would receive auditory 
reinforcement for every response to the lower touch panels. Trials with 
this programme were maae with 11 children (of whom 8 were 'unsuccessful' 
children from the earlier studies). All children seemed more content to 
st~ with the machine and the rate of touching was improved in 8 of the 
ch~en. As might be expected, however, when children were switched 
to a matching to sample programme it appeared that they had learnt to 
ignore the stimulus panel. 
Further work was needed, it seemed, to develop suitable 
reinforcers for these childrenj the specific nature of this work is not 
mentioned, however. Levinson's concluding comments ring a familiar note: 
"An unanticipated bonus was provided by our clinical 
observations of the children in this situation. We were 
frequently surprised by the extent of their capacities, as 
they frequently showed skills which had never been demonstrated 
during conventional methods of assessment. If we can 
systematise these kinds of observations, the Touch Tutor and 
similar devices could pl~ an important part in general 
clinical assessment." (1970b, p.11). 
The majority of the Touch Tutors under the general 
direction of Moseley (1970a) were purchased by voluntary fund-raising 
organizations and were in use in Junior and Adult Training Centres. 
Wherever one of the machines was installed, teaching staff were 
instructed to keep records of the number of touch responses children 
had made in a session and of the level of performance as indicated by 
the performance meter. If staff shortage meant that a Touch Tutor could 
not be fully used, arrangements were made for volunteer workers to sit 
with the children. Moseley (op.cit.) planned to produce and validate 
at least 6 programmes for the machines. Some of these were aimed at 
the matching of pictures relating to 'social competence' skills (e.g. 
brushing the teeth) while others were aimed at the matching of letter-, 
vowel- and consonant-shapes. It was aimed to record the progress of 
children on appropriate language and social competence tests who had 
been exposed to the Touch Tutor programmes. 
At the time of writing no information concerning the 
outcome of these plans was available to the author. He had, however, 
spoken to~teacher from one of the schools in which a Touch Tutor had 
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been placed. She spoke of the machine with interest and enthusiasm 
but pointed out that the machine was of limited use in her particular 
school. Because it had been a gift from a voluntar,r organization the 
machine had been put in a special booth and suggestions that it should 
be placed in a classroom ignored. According~ the teacher had to leave 
her class and take one child at a time to work on the machine, which 
seemed a drawback to her. Moreover, the programme material for the 
machine was much too limited; her children were forced to work through 
the two picture matching programmes continual~ and were becoming too 
familiar with them. 
Fin[ly, developments in the manufacture of the Touch 
Tutor are of interest. Kapota (1970), acting on behalf of Behavioural 
Research and Development Ltd., noted that: 
"after four or five years the company has produced sixteen 
machines at:a heav,r loss ••• it is estimated that the sale 
of 200 machines over the next two years is necessar,y if we 
are to recover our losses." 
Since this level of sales was believed impossible, the 
machine was re-designed in solid-state form in order to make it compatible 
with the range of solid-state modular programming equipment then 
produced by the company. This new machine (the Touch Tutor Mark lIM) 
was re-priced at £6$0 and contained one new feature - a more flexible 
system of auditor,r feedback using an 8-track tape cartridge making, 
among other things, it possible to record auditory messages of any length. 
Few of these machines appear to have been sold. 
During 1971 Behavioural Research and Development Ltd. 
went into liquidation, since when the machine has been marketed by 
contract Services Ltd. of Newcastle upon T,yne and, more recently, by 
Thompson and Watson of Newcastle upon T,yne. The price and design have 
remained unchanged. The machine is now manufactured to order by the 
last-named firm and it is possible to lease the machine, with programmes, 
for approximate~ £18 per month for a four-year period. 
(2) Discussion of the thesis 
It is now necessar,r to examine how far the thesis has 
succeeded in its aim of evaluating the use of the Touch Tutor (and of 
similar machines) in the education of S.S.N. children. It will be 
remembered that information was primari~ required on the five 'pre-
conditions' of the use of such machines. Let us therefore begin this 
section by discussing the present work in the context of these five points 
of information. 
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Point 1: "that a machine appropriate to Skinner's aims is available 
for use." 
The Touch Tutor has been seen to be ver,r 
design and in its mode of operation to the machine which 
designed for young normal and for handicapped children. 
similar in 
Skinner himself 
Since it is 
still commerciallY available it must fulfil the obvious terms of this 
first pre-condition of use. However two reservations, which refer to 
its practical use, must be noted. 
FirstlY, at the time of writing the machine did not have, 
and had not had since its appearance, appropriate programmes for 
fulfilling $kinner's maxim that children's behaviour should be shaped 
from what was known by the child to what the teacher desired him to 
know, by programmes in which errors were few and reinforcement frequent. 
Secondly, the phrase "available for use" pre-supposes that commercial 
availability (a problem before the appearance of the Touch Tutor) is 
equivalent to availability to the teacher. The price of the Touch 
Tutor and of programme material for it would be likely to make the 
machine (or a supply of programmes) unreachable by many teachers. 
Point 2: "that children will find such a machine attractive to use." 
The present work found that some 50% - 60% of children in 
two samples responded to the Touch Tutor consistently over the course of 
studies lasting two to three sessions of some 10 - 20 minutes in length. 
In one study (Experiment 1) it was found that, in addition to 50%of the 
children studied responding to the machine consistently throughout the 
study, a further 21% of the children responded to it at some stage of 
the study but not at other stages. AnalYsing the responses of children 
in greater detail, it was found that the mean response rates of children 
in the two samples were similar. .Both samples completed on average 
some 4 to 5 slides for each minute children had spent with the Touch Tutor. 
Some of the children from each sample took part in fUrther 
studies with the Touch Tutor. In one of these (Experiment 2) children 
who had responded correctly to the one-choice slides only during 
Experiment 1 were studied over five further sessions of some 8 minutes 
in length. During this time the group continued to respond well to 
the Touch Tutor, with the exception of one child who could be induced 
to make no responses to the machine and of one child who began to lose 
interest in the machine as the sessions continued. Similar findings 
occurred in another study (Experiment 4) in which children who had taken 
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part in an earlier laboratory study of their responses to the Touch 
Tutor (Experiment 3) were given the opportunity to work on the Touch 
Tutor in a classroom setting. The Experiment continued for a brief 
period only so that the majority of children received but one sessi~n 
with the machine. Again the machine remained attractive to the 
majority of children in that they were willing to work with it for 
periods ranging from below five to above 55 minutes (median 15 minutes) 
during which below 40 to above 200 slides were completed (median 79 
slides). During this period it also seemed that some 5 children had 
begun to respond to the machine who had not done so in.the earlier, 
laboratory studies with those children. This meant that during the 
post-test screening of Experiment 4, 84% of the children responded to 
the Touch Tutor. 
It is not possible to s~ whether these figures indicate 
that the Touch Tutor is, for example, "highly attractive" or "unattractive" 
to such children as were studied in these experiments, for there is no 
norm of "attractiveness of educational material" available for these 
children. All that can be said is that the present findings offer, 
firstly, data against which the attractiveness of other educational 
apparatus (as measured in some w~ comparable to that done in the present 
studies) could be set. Secondly, they indicate the extent to which the 
Touc.......h Tutor might initially be used with children similar to those 
studied here. 
It must, before leaving this aspect of the machine's 
use, be emphasized that the above conclusions should be seen within the 
perspective of the experimental procedures adopted for the experiments. 
Thus, only children in residential care have been used; secondly, the 
studies have been of a short term nature in comparison to the length of 
time the machine could be used were it installed in a suitable school; 
thirdly, children have been given rather more attention .(particularly in 
the:'laboratory studies) than might be the case if the machine were in 
regular use in a classroom setting; and, fourthly, limited attention 
has been paid to w~s of inducing non-responding children to respond. 
Let us consider each of these four factors in turn. 
With regard to the first factor, it is possible that 
children in residential care suffer a more impoverished intellectual 
and emotional life than children who attend d~ Special Schools in the 
community. Accordingly the former might respond to the presence of a 
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new toy more enthusiastically than the latter. 
With regard to the second factor, it is possible that 
the present studies were too short to give an accurate picture of the 
machine's attractiveness relevant to school situation requiring 
children to respond to the machine over, say, several months. Were 
the machine used with a limited selection of programme material over a 
period of months it is possible that children would lose interest in the 
machine (although some children might continue to respond to it 
favourably and others might begin responding to it who had not hitherto 
done so) but one might expect the use of an interesting selection of 
programmes to offset boredom. 
With regard to the third factor, it is possible that the 
presence of the Experimenter in the laboratory with the children increased 
their responsiveness and concentration on the task. It is, however, 
hard to see that this was indeed the case, for the majority of children 
performed with little encouragement or intervention from E. It is true 
that some children almost certainly would not have responded had the 
Experimenter been totally absent, but this would probably have been due 
to feelings of fear which would not be so strong (one would expect) in 
classroom settings. Moreover, the presence of a familiar figure is 
typical in the normal classroom setting. 
With regard to the fourth factor there were instances 
in both Experiments 1 and 4 of children beginning to respond to the 
Touch Tutor who had not done so before. This raises the question of 
whether more children could be induced to respond to the machine and, 
although there is no direct evidence of this, it is possible that 
continued exposure to the machine could increase the numbers of children 
responding to it as could, no doubt, the planned use of reward. 
Point 3: That children possess the skills required to operate the machine 
The present work suggests that considerably fewer children 
than those responding to the Touch Tutor are able to match to sample on 
it in the initial stages of use with the machine. Experiments 1 and 3 
yielded similar percentages of children responding correctly, with 
Experiment 1 yielding figures of 12% of children matching to sample on 
two-choice slides and a further 36% of children responding to one-choice 
slides correctly and Experiment 3 yielding figures of 14% and 45% for the 
two' types of slide. The results of Experiment 1 showed some variability 
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in matching to sample with different types 6f slides. Thus, although 
10 children reached the criterion level of 8 out of 10 slides correct 
on at least one series of slides out of the 30 possible (comprising ten 
two-choice tiack-and-white slides, ten three-choice black-and-white 
slides and ten three-choice slides depicting 'nonsense shapes') there 
were onlY 6 children reaching criterion on the two-choice slides, 7 on 
the three-choice slides and 6 on the nonsense shape slides, indicating 
some instability of the behaviour. OnlY two of these children reached 
criterion on all three series, while five reached it on both 2-choice 
and on 3-choice slides and four on both 3-choice and on 'nonsense shape' 
slides. Thus, estimates of the numbers of children matching to sample 
could range from 2 to 10, depending on the basis of the estimate adopted. 
During Experiment 2 some children who had responded to 
one-choice slides correctly during Experiment 1, but not to matching to 
sample slides began to match to sample on two-choice slides. Four of 
these children did so at the beginning of the Experiment and a further 
two did so in the course of it. Adding these six children to the number 
of children who had matched slides correctly during Experiment 1 shows 
that, by the end of Experiment 2 some 12 children had shown evidence of 
matching to sample on two-choice slides. Adding the four children who 
'had shown criterion matching on either three-choice or nonsense-shape 
slides but not on two-choice slides shows that 16 children (32% of the 
total sample) had shown a minimum level of matching performance during 
Experiements 1 and 2. 
During the Post-test of Experiment 4, nine children 
reached criterion on matching to sample slides (three-choice slides 
were used) which was 38% of the 24 children studied; a further ten 
children (42%) reached criterion on one-choice slides only. 
Thus, by the end of Experiments 2 and 4, approximately 
one third of the samples of S.S.N. children studied had, after periods 
of work with the Touch Tutor lasting between, on average, thirty minutes 
and one hour, shown evidence of criterion matching to sample performance. 
Of the two samples studied, children who took part in 
Experiment 4 appeared to have a much more stable matching performance 
than children who took part in Exper~ent 1. Thus, in the Post-test of 
Experiment 4, all children transferred their criterion matching performance 
from the first 20 to the second 20 slides of the Post-test, whereas 
variability between the Post-test sections of Experiment 1 was marked. 
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The cause of the difference between the two samples is not clear, but 
it is possible that the training experiences of the children in Experiment 
4 were not onlY more consistent than those of the children in Experiment 
1 but were also more varied - leading to better transfer from Training 
to post-test. Also, however, for children in Experiment 4 there was a 
shorter gap between the Training slides and the Post-test, the Training 
and post-test slides were more similar in format, and, perhaps most 
important of all, the children had probably received some verbal 
explanation from the teachers of the matching principle underlYing the 
slides which could have helped stabilize the performance. 
As in the case of the variable of the machine's 
attractiveness it is entirelY possible that more than one third of children 
could come to acquire the principle of matching to sample on the Touch 
Tutor if given either further practice on the machine or if given 
training aimed specificallY at the skill. It is possible, too, that an 
efficient training system could be devised which would increase the 
numbers of children responding to the machine in this way and which would 
decrease the time children would need to do this. 
Nevertheless, one must bear in mind that children 
frequently have shown the presence of incorrect patterns of response 
upon the machine which may interfere with the appearance of correct 
matching to sample and which may, with repeated practice on the machine, 
become increasingly rigid. In particular, children with rigid position 
habits may be highly resistant to training in matching to sample. This 
area requires further study, however, in order to clarify the relationship 
between incorrect patterns of response and the appearance of matching to 
sample in the long term use of a machine like the Touch Tutor. For the 
present, it is perhaps sufficient to say that, unless particular care 
is taken in the teaching of the principle of matching to sample and in 
discouraging the various incorrect patterns of response, icomparatively 
small number of children will initiallY use the Touch Tutor correctly. 
This number may increase, however, with further experience of the machine 
by the children. The limit to the number of children who could use the 
machine correctly is not known, but it is possible that some children 
could still be unable to match to sample correctly after long periods of 
instruction and practice. 
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Point 4: "That teachers are able to use the machine in their classrooms." 
Experiment 4 suggested, with some slight reservations 
relating to exactly how the machine was used by the teachers in that 
experiment, that teachers could incorporate a machine like the Touch 
Tutor into the everyd~ classroom situation without major disruption. 
Children appeared to want to use the machine while other activities 
were proceeding in the classroom and other children appeared to .find 
the presence of the machine undisturbing. 
Thus it would seem possible for the machine to be used 
as another piece of classroom apparatus, without the need for special 
booths to be built to house the machine and (apparently) without the 
need for teachers to sit with children continually. 
However, two limitations to these conclusions must be 
noted. Firstly, there seemed some evidence of an unwillingness of 
teachers to use the machine of their own accord. If this were widespread 
the machine might remain in a classroom without children being given 
the opportunity to use it. Secondly, the design of the classroom area 
of the school used in Experiment 4 was such that each class could use 
the machine without it being moved. For use in other situations, 
therefore, the addition of wheels to the machine might be necessary. 
Finally, the lack of programme material for the machine 
seemed a disadvantage and it seemed difficult for teachers to create 
further material. This (and other factors, such as minor mechanical 
faults) suggested the advantage of appointing a person to over-see the 
use of a machine like the Touch Tutor. 
Point 5: "That sufficient programme material is available for the machine." 
We have seen that very little programme material was 
available for the Touch Tutor, a limited choice of picture-matching and 
'reading' programmes being the only ones available commercially. Moreover, 
although it seemed possible that the machine could teach such skills 
as 'discriminating' or 'reasoning' and particular topics, such as, for 
example, sight reading of simple words, the manufacture and testing of 
appropriate programmes seemed to be too difficult to be able to use the 
machine on a wide scale. Certainly, it seemed that teachers would not 
normallY have the skills required or access to the equipment necessary 
to make such programmes. 
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(3) Conclusions 
(i)General limitations of the present work 
In discussing the five points of the 'Evaluation' we 
have seen something of the limitations of the present work with respect 
to its broad aims. Before moving to a discussion of how the Touch 
Tutor and machines similar to it may be seen in the wider educational 
context of the treatment of the S.SN. child it is important to note some 
of the more general limitations of the work. The first of these is 
undoubtedly the sampling of the children used. Children attending day 
Special Schools in the community have not been studied and it is difficult 
to say how far the results obtained would apply to them. If it is true 
that children in residential care have presented severer problems of 
management, and if it is true that children living at home with their 
parents enjoy a more enriched environment then there are grounds for 
believing the children studied in the present work to be operating at a 
lower level of attainment than children in Special Schools in the 
community. How much lower they are in functioning is, however, impossible 
to say; as far as the present writer is aware no strict comparisons of 
children in hospital schools with those in day special schools has been 
made. However, such a limitation of sampling would not be expected to 
have caused major qualitative differences in the results. Most probably, 
it would have caused under-estimates of the numbers of children responding 
to and able to use the machine correctly which, in any case, are subject 
to many criticisms on the grounds that more 'effective' methods could 
have yielded vastly different estimates. 
Turning now to the question of the effectiveness of 
different methods (and commenting no further on the question of samplin~ 
error - which applies to other aspects of the work - such as the 
representativeness of the teaching staff of Experiment 4), the main 
question Which must be raised is whether any major inadequacies were 
present in the ~-exper1mental procedures which could seriously have 
reduced the numbers of children responding to the machine or responding 
to it correctly. This is a difficult question to answer since there is 
little comparable data which has been obtained under different conditions 
of incentive and instruction. The writer is inclined to the view that 
the present estimates are as good as could be obtained with any other 
fairly rigid method, a view which is based on the discussion of this 
problem during Chapter 5. However, he accepts the possibility that the 
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work of Cunningham suggests, that a competent teacher using a mixture 
of methods suggested by the needs of the child could vastly increase 
the numbers of children matching to sample and responding to the machine. 
In defence of the present work, on the other hand, not only does 
oomparable data to other studies seem to have been obtained (see 
Chapter 5) but the techniques used were simple enough to be passed on 
to anyone likely to use the maehineo This is not intended to be a 
defenee of ineffective techniques, however, as much as the provision 
of a predictable starting-point for the practical, everyd~ use of the 
machine 0 
A third limitation concerns the use only of the Touch Tutor 
for the studies. It is possible that the results do not apply to 
other matching to sample machines. The present writer would argue that, 
despiteliifferences in design, there were many similarities between 
the responses of children to the machines in Chapters 2 and 3 and 
those of the children in the present worko This suggests that the 
Touch Tutor had a generally similar effect to that which other machines 
would have had. 
(ii) Matching to sample in non-machine si tu'!\tions. 
Cunningham'S work raises the question of whether the use of 
a non-machine matching task would increase the number of children 
matching to sample. Let us now consider whether this is a real 
possibility with children similar to those used in the earlier 
experiments with the Touch Tutoro 
There are a number of studies in which children have been 
required to complete form-boards, to sort typewriter keys or to place 
cards into appropriately labelled boxes (Clarke and Blakemore, 1961; 
Clarke and Cookson, 1962; Clarke and Cooper, 1966; Clarke ~!lo, 
1966). Tliese experiments showed that SoS.N. children had little 
difficulty in matching to sample. Again, a matching task displayed 
on boards (Wilcock and Venables, 1968) presented S.S.N. children 
with few problems. Thus, there appears to be a discrepancy between 
the results of the present studies with the Touch Tutor and those 
which have used non-machine, matching tasks o The possibility 
arises that, far from the matching to sample teaching machine being 
a superior form of presentation, it is actually less effective 
than • unsophisticated , apparatus o ACCOrdingly, a simple exper1Inent 
was carried out as a first step towards comparing the two. 
The clearest indication that children can have little difficulty 
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in completing non-machine tasks successfully is given in the study of 
Clarke et alo (1966). 36 imbecile children" with an average age of just 
--
over 12 years and an average I.Q. of approximately 35" drawn from a 
residential institution and a d~ training centre" were asked to place 
series of 20 response cards into five categories. Three experimental 
conditions were created" in which the difficulty of the sorting task 
varied 0 Thus" some children were asked to sort pictures of large 
shapes" filled in with achromatic content" while others were required 
to sort the same shapes but without the achromatic content and with the 
shapes on the response cards differing from those on the stimulus cards 
in both size- and orientation. Finally, some children were asked to sort 
on the basis of shape" with achromatic content acting as a distractoro 
The apparatus used in the experiment consisted of a panel holding 
the five stimulus cards" each with a box below" the floor of which 
could be lowered by levers at the side. A.tred light bulb was fixed 
in each box immediately beneath the stimulus card. Subjects were 
seated in front of the apparatus, put at ease, and shown two cards 
being correctly placed in the apparatus. Attar'each correct placement, 
the llght flashed and the card dropped out of sighto The subject 
was then told: "I want you to put all the pictures I give you into their 
proper places." 
After each correct response, the red light shone and the experimenter 
said" "Goodll • Incorrect responses resulted in a "NOll" the red light 
remained out and the card st~ed in view. In such cases the card 
was returned to the subject who was then required to try againo If 
a correct response was not obtained in five attempts, the experimenter 
placed the card in the correct compartment and offered the next response 
cardo 
The results of the experiment provide a clear indication of 
the ease of the task for these childreno Firstly, it is stated (po 123) 
that it was rare for a correct response not to occur within five 
attempts 0 Secondly, 13 correct first placements out of 20 were made, 
on ayerage, by the group having the most difficult task (which required 
sorting by shape with content as a distractor), while an average 
of 19 correct first placements were made by the group with the 
easiest task. These results occurred on the first training trial of 
each experimental groupo 
Thus, we have data upon the ease of these three sorting tasks 
for children as training commencedo It appears that children 
were aJ.rea~ responding at an above-chance level at the outset of the 
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experiment, indicating their grasp of the essential nature of the tasks. 
In the light of this let us consider the responses of children similar 
to -those who took part in Exper:i.ment 1 to a sorting task of this kind. 
Subjects. 10 children attending the subnormality hospital school from 
which children were drawn for Experiment 1 were selected randomly from 
the 42 on the school register. The chronological ages of these children 
ranged from 11 to 17 years, mean 13.7 years. I.Q. data was available 
for onlY four children, their I.Q.'s being 37,23,20, and 15. 2 of the 
remaining children failed to score on the Stanford - Binet test; the 
remainder had not been tested. No attempt was made to exclude children 
wi;~h behaviour problems, sensory defects or other handicaps (although 
none of the children was considered to be blind) since they were 
intended to form a cross-section of the school population. No child 
had taken part in any previous experiment with the Touch Tutor. 
Task. The six, black-and-white, line-drawn figures used in the earlier 
-experiments were re-dralID on white cards measuring 2i" x 3" and a sample 
of each was attached to the front of a plastic box 4~" high x 4" square. 
The children were required to sort 36 cards, one at a time, correctly 
into the boxes. 
Procedure. Children were brought into the experimental room and seated 
before the receptacles, which were arranged in a semi-circle. E. 
showed one of the cards to the subject and said, "Now, --- (name), 
Watch me", whereupon he slowly placed two cards in their boxes. These 
cards were then replaced with the remaining cards, S. was handed a card 
at random and told, "Now you do it. Go on." If S. placed the card 
correctly E. said in an enthUsiastic voice, "Well done" or "Good". If 
the card was placed incorrectly, E. said "No" and immediately returned 
the card to S. who was required to try again. If six consecutive 
incorrect responses were made E. demonstrated the correct placement of the 
card and handed S. a new one. 
Sessions continued until S. had correctly sorted the 36 cards, 
or until 10 minutes had elapsed, whichever was the sooner. However, if 
children were responCling frequently, sessions were not ended until either 
a correct response or six incorrect responses had been made to a partiCUlar 
card. Children were given 20 sessions of 1raining each on, administrative 
conditi~ns permitting, consecutive d~s. In the main, children were given 
two sessions per d~. To reduce the possibility of rote learning, the position 
of the boxes was changed each d~ and the cards shuffled before each 
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trial. 
Results. Summary results of the Experiment are given in Table 10.1. 
Full results are given in Appendix 5. Table 10.1 indicates the ratio 
of the number of correct first placements of cards to the total number 
of cards completed. The latter figure is, of course, an index of 
response rate. 
The most marked feature of Table 10.1 is the fact that only one child 
(C.H.) shows acquisition of the task. In fact, his performance 
improved steadily from sessions 1 to 3, so that by session 4 his 
performance was completely correct. Thereafter, his sorting times 
decreased until he was takwn ill after his seventh session. A.W., 
K.B. and C.N. seemed to begin the experiment at criterion performanceJ 
the remaining children showed little change in the course of the 
experiment. 
Table 10 0 1 
Performance of 10 S.S.N. children in a simEle sortin~ task. 
Session 1 5 10 15 20 
S. 
A.W. 
K.B. 
C.N. 
C.H. 
L.P. 
M.M. 
T.J. 
J .M. 
M.D. 
P.W. 
36/36 36/36 35/36 35/36 35/36 
36/36 35/36 33/36 36/36 36/36 
36/36 36/36 36/361 
* * 
0/1 33/36 36/362 
* * 
3/9 1/6 0/2 1/6 1/5 
0/1 0/6 0/2 1/5 1/5 
1/7 3/6 1/5 1/5 2/7 
1/1 1/1 0/2 0/2 0/2 
1/1 1/3 ** 
0/0 0/0 0/0 0/0 0/0 
Key: * Sessions ended owing to illness. 
** S. refused to continue. 
1 Session 8. 
2 Session 7. 
In the Table, the first figure refers to the number of correct 
first placements of a card (maximum possible 36), the second to 
the total number of cards actually completed. 
The general behaviour of the children during the experiment 
deserves comment. LoWo, K.B. ~~ and C.H. were co-operative children 
who worked steadily at the task and who responded to the experimenter's 
verbal oomments of "Good" and "No"~. LoP., MoM 0 and T.J. were 
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co-operative, but verbal control of their behaviour was difficult. 
These children were typically impulsive and placed cards quickly, 
without appearing to look at the pictures drawn upon them. However, 
sometimes they would only place the cards after repeated encouragement 
to do so, particularly as the experiment proceeded. They also appeared 
unaffected by E.'s correction after incorrect responseso JaM., M.D. 
and P.Wo were most difficult children who repeatedly would not 
co-operat~. 
These results are reminiscent of those of the earlier studies with 
the Touch Tutor. 4 out of 10 were able to match to sample in this card-
sorting task; earlier, one third were able to do so with the Touch Tutor. 
The similarity of the responses of children in the present study 
to those of earlier ones is apparent also in the appearance of response 
patterns in some of the children. L.P., for example, developed a kind 
of Subsequent responding, in which she placed cards successively in each of 
the boxes. M.M. developed a type of Position responding in whih cards 
were rarely placed in the end boxes. T.Ja and L.P. occasionally 
showed 'Win-Stay' behaviour in which responses were made to the previously 
rewarded position. 
Discussion. One question which springs immediately to mind is whether 
this sample of children was truly representative of the other children 
in the Hospital School. As ad:a:eck on this, the writer interviewed 
the children's teachers after the experiment and asked them four simple 
questions about the children in their care. Firstly, they were given a 
demonstration of the task and asked whfh children in their class had ever 
done a similar task without actual assistance. In reply to this, it seemed 
that 8 children in the whole school (19%) were able to do such a task 
(this figure included, in fact, the four from the present study who 
responded correctly) while a further four were believed to be possibly 
capable of it, given instruction (one of these was the child T.J.). On 
this basis, the finding that four of the sample of 10 were able to match 
correctly is, if anything, an overestimate of the number in the school. 
Secondly, teachers were asked how IDaQY children would replace the 
cards in any box, if encouraged to do so. 21 children (50% of the school) 
fell into this category and a further four children were believed to be 
capable of doing this with just one or two cards, before lOSing interest 
(6 of the children in the present study were included in these 21; J.M., 
P.W., T.J. and M.D. were not included). On the. basis that 7 of the 
children studied fell into this second category, the results are again 
a slight over-estimate. 
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Two further questions were asked to gain a fuller picture of the 
children 0 11 children were thought capable of responding correctly 
to the verbal command to place a particular picture in one box, eo g. "Put 
this --- (name of picture ) with the other --- (name of picture)", while 
a further three were thought 'possibly' capable of it, given training. 
22 children were thought to be capable of placing a card in a given box 
pointed to by E., with a further two who might perform the task with 
instruction. 9 children in the school, it may be noted, were pl&.ced 
in none of these categories. 
Therefore, it would seem that the present findings are probably 
not an underestimate of the matching performance of the whole school. 
The experiment seems to indicate that the matching behaviour of 
the children used in this and in the previous studies in the present 
work was considerably poorer than that of the children studied in the 
experiment of Clarke ~ ale (£E.o ill.) and in similar experiments o 
Even after extensive training with, objectively, easily-discriminable 
pictures, six of the ten children studied were unable consistently 
to make correct responses within six attempts at a particular card. 
This is in marked contrast to the stu4y of Clarke ~~., which noted 
sUPh occurrences as "rare". We may therefore conclude that the estimates 
of our studies with the Touch Tutor were not simply due to the use of 
a machine - presented task. Rather it is likely that the results were 
due to the loW developmental level of the bhildren used, some of whom 
would have fallen certainly into "idiot" grade as did many of the cQlldren 
in this experiment. In contrast, the studies cited earlier used 
"imbecile" children. 
FinaJ.J.y , it may be valuable to reflect upon specific reasons for the 
failure of children to learn. J .M. and M.D. were children with marked 
"behaviour problems". J .M. occasionally became violent when brought 
to the testing room and occasionally threw tantrums. Therefore, many 
more sessions were attempted than actually took place. When induced to sit 
she would either persist in pl~ng with some toy she had ptcked up or 
would stare placidly into, space. By session 12 her responses 
had reduced almost to zero, despite every attempt at encouragement 
and command. The writer therefore began formal operant conditioning 
with a view (a) to maintain sitting still and (b) to increase 
response rate. Smarties were then given, clearly contingent upon correct 
responses, and for no other reason. Despite J.M.IS passion for Smarties, 
only a temporary increase in performance was gained. 
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ClearlY,-the possibility of rewarding correct responses 1s not possible 
if they do not occur; therefore, a main reason for non-learning 
in some of these children is low response rate. M.D. presented 
a similar problem to J.M. P.W. developed a rigid, tantrum-like 
state if he.was prevented from continuing his ceaseless, 
~tereotyped hand-waving and hence also made no sorting responses. 
The children with better response rates (T.J.,M.M. and L.P.) 
were prevented from learning by their reluctan~e to look at the 
stimuli on the cards. Although these children seemed able to 
discriminate between solid objects they showed no evidence, 
in or out of the experimental situation, of discriminating between 
pictures. These children seem to be at an analogous stage to 
children given extremelY difficult discriminations to solve, when 
response patterns predominate in performance. 
Conclusions. The results of this experiment show that tho numbers of 
children in the hospital school studied~able to match to sample, is 
similar in both machine and non-machine situations. The apparent 
discrepancy between the earlier results of this thesis and those 
of studies such as Clarke ~~. (1966) would seem to be due to 
differences in the subjects used. Let us now turn to the two brief 
concluding sections of this work which discuss the Touch Tutor in the 
context of the wider educational facilities for the S.S.N. child. 
(iii) The Touch Tutor in use? 
The present work would seem to suggest that the Touch Tutor 
could, initiallY, be attractive to the majority of children in 
Special Schools and usable correctlY by some of them. With fUrther 
experience on the machine it would appear that these numbers could 
be raised but it is not clear for how long the machine would remain 
attractive if limited programme material were available for it. Teachers, 
it would seem, could use the machine in a classroom setting with little 
disruption. 
These considerations are positive ones; they do not deter one from 
the belief that a machine such as the Touch Tutor could be valuable in the 
education of the S.S.N. child. But the problem of an adequate supply of 
programme materials is something of a deterrent. For, without. a varied 
range of suitable programme material children would not only become bored 
with the machine but, more importantly, would learn little from it. 
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It is true that this would not be a major deterrent to 
purchasing a Touch Tutor if the machine were of value without a wide 
range of programme material. And, certainly, it could have some value 
at least with only a limited range of programmes in, for example, 
encouraging children to vocalize, in giving them visual stimulation, in 
encouraging active responding, in teaching matching to sample or in 
occupying children without the presence of a teacher. 
However, although it would seem likelY that the Touch 
Tutor would have these educational advantages it is important to consider 
whether these advantages could be obtained more cheaply, either by 
existing apparatus or by a cheaper machine. For although the Touch 
Tutor's price compares favourably on paper with that of a human teacher 
the cost is nevertheless high in comparison to the cost of 'more conventional' 
apparatus. 
The present writer has had the impression that the Touch 
Tutor can be more attractive to many S.S.N. children than conventional 
apparatus. 'Novelty value' cannot be ruled out as a major cause of 
this but the brightness and vividness given to the stimuli by virtue of 
the projector lamp and the 'digestible' nature of the auditory feedback, 
together with the responsiveness of the machine to the child's touch, would 
also seem to be important factors. It might well be that a suitably 
controlled study would reveal that conventional apparatus competes 
favourably with a machine like the Touch Tutor for the children's 
attention, of course. Nevertheless it is noteworthy that Norris saw 
fit, in a discussion of the educational activities of Training Centres, 
to recommend: 
"That the use of audio-visual aids in training centres should 
be extended and the development of teaching machines for the 
severely retarded should be more actively pursued by research 
workers in consultation with serving teachers." (1968, p.27), 
which lends weight to the suggestion that a machine could have greater 
attractiveness than many conventional apparatus. 
The dilemma that this poses could be resolved if a machine 
similar to the Touch Tutor were available which had similar advantages 
but which was not only cheaper than the Touch Tutor, but easier to equip 
with programme material, somewhat easier for children to use and even 
less likely to require technical attendance and knowledge. This brings 
us to consider alternative machines to the Touch Tutor. 
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(iii) Alternatives to the Touch Tutor 
In Chapter 9 a brief experiment in the use of the Touch 
Tutor to teach simple words to S.S.N. children was described. These 
same children were, in the course of that experiment, given similar 
words to learn with the Touch Tutor presenting the words on a single 
panel (in fact the aluminium mask over the touch panels of the Touch 
Tutor was inverted and the three small response panels blanked off). 
It was found that children learned the same number of words under the 
'matching to sample' format as under the 'simple' format in the 
experiment, which immediately raised the question of whether matching to 
sample was a necessary presentation technique for such teaching on the 
machine. 
On the basis of this experiment an experimental machine 
was designed which presented single stimuli on a 9" x 9" perspex panel. 
The child's task was to push this panel inwards, thereby activating a 
switch, which set a cassette tape-recorder of conventional design in 
motion. This enabled the replay of a spoken message of any length, at 
the end of which a slide-projector inside the machine presented the next 
stimulus. 
studies with this machine (described in Beasley, 1973) 
were conducted with a group of 10 S.S.N. adults and a group of 11 S.S.N. 
children in a subnormality hospital and a group of 12 S.S.N. children 
from a d~ Special School in the community. In the first two stUdies a 
series of words from Gunzburg's 'socia~ight' vocabulary were presented 
while in the third stuqy a series of pictures of zoo animals were portrayed. 
Each stu~ indicated that some of the subjects had acquired the names of 
some of the stimuli portr~ed on the machine after working for periods 
of some 10 minutes on the machine. It was also found in the first two 
studies that approximately half the subjects repeated the name of the 
stimulus after the machine had spoken it. 
These results, although from largely exploratory studies, 
suggest that the machine offers similar advantages to the Touch Tutor in 
terms of what children may learn from it and, in being similar to the 
Touch Tutor, would probably be as 'attractive' to the children and 'as 
usable in the classroom' as that machine. Moreover, the design of the 
machine is somewhat more flexible than the Touch Tutor's: the single 
stimuli mean that the mounting of stimuli in the slide-holders need not 
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be so exact (as was necessar,y in the Touch Tutor) and that programmes 
could be made from photographs taken with an ordinary camera (or 'write-
on' slides could be used). The recording of the verbal commentary is 
also easier than in the case of the Touch Tutor, requiring no apparatus 
other than the tape-recorder and its microphone. Finally, the machine 
is less complex technically and hence both less likely to fail and less 
liable to need adjustment. 
This machine would seem, then, to be offering similar 
advantages to the Touch Tutor. Since its cost would be in the region 
of £200 it would accordingly seem to represent a less costly alternative 
to the Touch Tutor. Its disadvantages relate mainly to whether it is 
considered necessary that the subject makes a choice on such machines 
which is detected by the machine. It could be argued that this machine 
actually teaches nothing, since the child is given no opportunity to 
make 'correct' responses and to receive reinforcement for them. 
The most satisfactory answer to such a criticism would be 
empirical information about whether children do learn as well under 
conditions of 'single' presentation as under conditions of 'matching to 
sample' presentation in which correct choices are rewarded. It is, 
however, illuminating to remember that demonstrations have been made of 
the occurrence of learning under conditions in which active responding 
did not take place (as in, for example, the various 'latent learning' 
experiments), in conditions in which responding took place but was 
directed ~t other features ('incidental learning') and in which learning 
occurred without obvious reinforcement (for example, 'exploratory 
behaviour'). Moreover, the various demonstrations of 'errorless learning' 
under conditions of carefully programmed stimuli show that incorrect 
responses are not necessary for learning to take place. It is possible 
that children could learn quite well under conditions of single presentation 
of stimuli (as indeed normal children do from being read stories, from 
looking at picture books and from looking at the television). It might 
even be possible to encroach on the particular domain of matching to 
sample and use a single presentation to teach discriminations. 
To summarize, a machine employing 'single' presentation 
of material, but otherwise essentially similar to a machine like the 
Touch Tutor, cOOid clearlY be as useful as such a machine in certain areas -
thus, both machines would be potentially capable of presenting a planned 
teaching programme, of giving individual instruction, of enabling the 
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teacher to be relieved from repetitious drill work and it might even 
prove to be capable of teaching discriminations. It would not give 
reinforcement which was clearly contingent upon correct responses in 
the usual sense, but it might anyway be argued that the Touch Tutor 
gives that only for the few children "Tho respond to it completely 
correctly. The machine would probably be as attractive to the children 
as the Touch Tutor, would probably be usable by at least as many children 
as those responding to one-choice slides correctly on the Touch Tutor, 
would be probab~ at least as easy to use in the classrooms and would 
probably have greater practical potential for the development of further 
teaching programmes. 
On this basis the present writer would argue that the 
Touch Tutor's design is unnecessarily expensive and that substantially 
similar educational advantages would be found in a cheaper machine 
employing a single presentation of stimulUS material. 
Whether one could devise even less expensive machines 
which would be suitable is difficult to say. One which springs 
immediately to mind is the Language Master, retailed at a cost of some 
£60 by the Bell and HOl-Tell Corporation. This is a small machine which 
can speak the name of a picture or word portrayed on a piece of card when 
this card is inserted in the machine. The card is carried through the 
machine across the child's field of vision as it 'speaks'. The machine 
appears to have had some encouraging results with young normal children 
learning to read, .rlth backward readers and with immigrant pupils learning 
to read English. Little appears to have been done with S.S.N. pupils 
and the main drawback in its use with them would probably be the necessity 
for the pupil to insert his own cards in the machine continually, the 
rather 'ordinary' appearance of the stimulUS material and the overall 
smallness and comparative fragility of the system. 
Other machines could be envisaged which would, for example, 
require a matching response from the subject and give knowledge of results, 
with cards being inserted with the stimulus material on them. Gunzburg 
(1968) has used machines like this, although little seems to have been 
written about results obtained with them. However, it is likely that 
such machines would suffer from similar disadvantages as the Laneuaee 
Master. Such machines invariably will provide advantages in terms of 
cost at the expense of omitting the potentially valuable facilities of 
automated presentation of stimuli (requiring, most simply, a slide 
projector) and auditory feedback (necessarily requiring a tape recorder). 
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It is likelY, therefore, that if a teaching machine is regarded as 
valuable for the S.S.N. pupil the minimum cost required to make a machine 
which would be more than a fairlY simple 'gadget' would be in the region 
of £150 - £200 (allowing for the cost of materials, labour and for a 
small 'profit margin' to make production possible). 
Finally, it must be noted that the clause: "if a teaching 
machine is regarded as valuable" is a crucial one. It has not been 
the purpose of the present work to argue that teaching machines like the 
Touch Tutor (or aQY other kind of teaching machine) are better than 
conventional apparatus. Rather, the work has aimed to provide a basis 
for deciding whether such machines are .. sufficiently suitable and worth-
while to have ~place in the education of the S.S.N. child. It is 
questionable whether study need be aimed at deciding whether machines 
are 'better' than conventional techniques. Nevertheless, the present 
writer believes that such a question is unnecessary only when sufficient 
funds are available for the purchase of aQY new promising technique. If 
one has the aim of increasing the value of educational techniques to the 
s.S.N. chil~ and one has limited funds, study of the effectiveness of 
alternative techniques ought to be made. The writer believes that a 
start to this could be made by the simple expedient of measuring the 
numbers of children responding to various pieces of conventional 
apparatus, for how long they respond, and what they seem to learn from 
them. Such study might reveal some extremely vital facts about class-
room teaching and expose some widely held but erroneous assumptions about 
the practical teaching of the S.S.N. child. 
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Appendix 1: Key to Column Numbers 
Column Number 
1 
2 
.3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1.3 
14 
Description of Variable 
Subject number 
Subject's initials (children who. took part in 
Experiment 2 only). 
I.Q. * .. Wechsler Intelligence Scale fDr Children 
** .. Stanford - Binet Intelligence Scale 
*** .. Wechsler Pre-school and Primar,y Scale 
of Intelligence 
- .. Record of testing, but no measure obtain-
ed. 
Age at time of testing (nearest year) 
Number of trials (sessions) in 'Explorator,y' Itud-
ies. 
Pre-test: one-choice slides; correct/completed. 
-do- three-choice slides; - do -
Total time (minutes) in Mobile Laborator,y during 
all stages of Experiment 1. 
Total slides completed unaided during ditto. 
Response rate during ditto. 
Post-test: one-choice slidesJ correct/completed. 
-do- : two-choice slides: - do -
-do- three-choice slides: - do -
-do- nonsense shape slidesl-do -
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A;EEendix 1. 
Details of Sample and Raw Data for Experiment 1 (Chapter 5) 
Experimental Group: 'No Sound Mixed'. 
1 J .H. 46* 17 10/10 3/10 38 184 4.84 10/10 6/10 7/10 4/10 
2 56* 10 8/10 3/10 50 215 4.30 10/10 10/10 9/10 6/10 
3 M.W. 4~ 16 1/10 3/10 51 104 2.04 8/10 1/10 2/10 0/4 
4 54** 9 9/10 4/10 42 350 8.33 10/10 4/10 4/10 1/10 
5 A.E. 52** 11 9/10 4/10 46 263 5.12 10/10 1/10 4/10 4/10 
6 S.H. 11 9/10 2/10 41 290 1.07 9/10 5/10 4/10 3/10 
1 H.D. 15 2 10/10 5/10 45 183 4.07 10/10 6/10 3/10 2/5 
8 M.K. 10 2 4/4 2/2 35 42 1.20 1 0/1 0 3/6 0/0 0/0 
9 19 3/10 3/10 39 13 1.81 1/10 0/1 0/0 0/0 
10 15 1 2/5 0/0 41 34 0.83 4/10 0/2 0/0 0/0 
11 16 0/2 0/0 21 8 0.39 0/0 0/0 0/0 0/0 
12 13 1/1 0/0 14 2 0.14 0/0 0/0 0/0 0/0 
13 8 0/0 0/0 12 o 0.00 0/0 0/0 0/0 0/0 
14 11 0/1 0/0 20 5 0.25 0/4 0/0 0/0 0/0 
§;perimental Group: 'No Sound Progressive' 
15 13 8/10 3/10 43 59 1.34 0/3 0/0 0/0 0/0 
16 15 6/10 3/10 43 160 3.12 6/10 5/10 5/10 5/10 
11 J .B. 9 6/10 5/10 35 270 1.11 10/10 6/10 0/10 2/10 
18 46* 13 2 10/10 9/10 55 296 5.38 10/10 9/10 8/10 1/10 
19 S.E. 14 3 3/5 0/0 36 29 0.80 10/10 0/6 0/0 0/0 
20 11 2 6/10 3/10 38 18 2.05 7/10 2/4 0/0 0/0 
21 19 2 10/10 9/10 50 293 5.86 9/10 9/10 6/10 0/3 
22 11** 18 9/10 0/0 40 181 4.52 5/5 0/0 0/0 0/0 
23 41*** 11 1 10/10 10/10 33 260 1.88 10/10 9/10 10/10 1/10 
24 D.C. 31*** 16 10/10 3/10 38 164 4.31 10/10 7/10 1/4 0/0 
25 v.w. 12 2 10/10 5/10 46 218 4.14 10/10 6/10 3/10 2/10 
26 1 3/6 0/0 26 11 0.45 1/4 0/0 0/0 0/0 
21 9 0/0 0/0 13 o 0.00 0/0 0/0 0/0 0/0 
28 14 2/2 0/0 17 8 0.47 1/1 0/0 0/0 0/0 
1 2 3 4 5 6 1 8 9 10 11 12 13 14 
(Column Numbers) 
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Experimental Group: 'Sound Mixed'. 
29 171 10/10 9/10 37 200 5.40 10/10 7/10 10/10 8/10 
30 5D* 15 1 10/10 4/10 55 300 5.45 10/10 7/10 6/10 8/10 
31 H.H. 17 5/10 6/10 76 191 2.51 9/10 6/10 5/10 4/10 
32 60*- 14 1 10/10 10/10 49 299 6.10 10/10 10/10 10/10 10/10 
33 20H* 9 6/10 2/4 49 80 1.63 4/10 2/10 1/10 3/10 
34 15 0/0 0/0 28 9 0.32 2/9 0/0 0/0 0/0 
35 13 1/2 0/0 30 31 1.03 1/10 0/4 0/0 0/0 
36 11 3 1/3 0/0 6 3 0.50 0/0 0/0 0/0 0/0 
37 13 1/4 0/2 24 9 0.38 0/0 0/0 0/0 0/0 
38 10 0/0 0/0 13 1 0.08 0/1 0/0 0/0 0/0 
39 11 0/1 0/2 18 9 0.50 3/3 0/0 0/0 0/0 
Experimental Group: 'Sound Progressive'. 
40 46** 16 10/10 5/10 47 290 6.17 10/10 5/10 5/10 10/10 
41 
-* 15 2 10/10 6/10 56 319 5.70 10/10 10/10 10/10 6/10 
42 13 2/10 1/6 40 186 4.65 5/10 5/10 6/10 3/10 
43 12 2 8/10 8/10 49 210 4.28 10/10 6/10 8/10 9/10 
44 
-* 13 2 10/10 8/10 10 60 6.00 0/0 0/0 0/0 0/0 
45 D.P. 13 3/4 0/0 39 148 3.79 9/10 3/10 5/10 3/10 
46 P.D. 14 7/10 3/10 51 260 5.10 10/10 7/10 3/10 4/10 
47 11 9/10 1/10 16 56 3.50 0/0 0/0 0/0 0/0 
48 M.J. 12 10/10 5/10 54 213 3.94 8/10 7/10 7/10 3/10 
49 9 414 0/0 18 16 0.90 4/6 0/0 0/0 0/0 
50 8 3/7 0/0 21 14 0.67 0/0 0/0 0/0 0/0 
51 13 0/0 0/0 16 a 0.00 0/0 0/0 0/0 0/0 
52 12 0/0 0/0 14 a 0.00 ~/O 0/0 0/0 0/0 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
(Column Numbers) 
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Appendix 2:([ey to Column Numbers) 
Column Number Description of Variable 
Experiment 2 (Stallington) 
1 
2 
3 
4,7,10,13,16 
5,8,11,14,17 
6,9,12,15,18 
Subject's initials. 
Subject's ageCnearest year) at time of testing. 
I.Q. (see Appendix 1). 
Time (seconds) to complete 36 two-choice slides 
unaided during Sessions 1 to 5. 
Response rates (slides completed per minute) during 
this time. 
Number of slides completed correctly during Sessions 
1 to 5. 
Experiment 3 (Redcourt) 
1 
2 
3 
4,7 
5,8 
6,9 
10,11 
12,14 
13;15 
Subject's number. 
Subject's initials (Children responding during 
Experiment 3 only). 
Subject's age (nearest year) at time of testing. 
Slides 11-20 (one-choice); correct/completed. 
Slides 21-30 (two-choice); 
Slides 47-56 (two-choice); 
during Sessions 1 and 2. 
-do-
-do-
Slides 21-36 (two-choice); correct/completed 
during Sessions 1 and 2. 
Slides 11-20 (one-choice); time(seconds) to complete 
during Sessions 1 and 2. 
Slides 21-36 (two-choice); time (seconds) to complete 
dUring Sessions 1 and 2. 
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Appendix 2 
Details of samples and raw data for Ekperiments 2 and 3 (Chapter 6); slides 
(programme materials) used in those Experiments. 
§xPeriment 2 
One-choice Instruction 
M.lv. 16 46 257 8.40 19 253 8.54 19 254 8.50 18 260 8.31 18 258 8.37 18 
J.B. 11 286 7.50 20 298 7.25 24 292 7.40 32 287 7.53 26 300 7.20 31 
v.W. 13 372 5.81 26 323 6.69 29 342 6.31 26 337 6.41 35 353 6.12 35 
P.D. 14 304 7.11 19 301 7.18 18 305 7.08 33 317 6.81 35 315 6.86 35 
J.H. 1946 373 5.79 29495 4.36 26 425 5.08 33 327 6.60 29 320 6.75 30-
H.H. 18 577 3.74 20 595 3.63 16 451 4.80 20 391 5.52 14 -
S.E. 14 
Two-choice Instruction 
A.E. 11 52 329 6.56 34 277 7.80 33 451 4.79 30 280 7.71 33 282 7.66 35 
S.H. 11 276 7.83 18 274 7.88 7 293 7.37 22 -
M.J. 13 358 6.03 17 -
H.D. 16 305 7.08 14 312 6.92 20 313 6.90 15 300 7.20 17 324 6.67 20 
D.P. 13 252 8.57 18 324 6.67 20 302 7.15 14 270 8.00 19 263 8.21 18 
M.K. 11 272 7.94 18 263 8.21 17 276 7.83 18 364 5.93 18 272 7.94 18 
D.C. 17 31 256 8.43 36 257 8.40 36 255 8.47 36 262 8.24 36 261 8.27 36 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
(Colunm Numbers) 
1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 
E2SPeriment 3 
1 H.S. 12 8/8 9/.10 7/10 31/36 106 535 -
2 R.C. 13 8/10 5/10 8/10 10/10 8/10 9/10 27/36 30/36 290 456 140 345 
3 S.G. 14 9/10 5/10 4/10 10/10 6/10 5/10 19/36 22/36 85 286 90 312 
4 M.U. 12 8/8 7/10 5/10 10/10 4/10 5/10 21/36 19/36 195 319 168 327 
5 A.R. 13 7/7 4/10 4/10 10/10 9/10 7/10 21/36 32/36 345 630 146 401 
6 P.J. 11 9/10 4/10 5/10 10/10 7/10 7/10 15/36 25/36 83 260 142 247 
?R.W. 12 6/10 5/10 5/10 10/10 4/10 5/10 20/36 16/36 133 306 100 287 
8 B.W. 14 10/10 6/10 5/10 10/10 2/10 5/10 18/36 16/36 79 267 79 302 
9 C.B. 10 10/10 6/10 5/10 10/10 6/10 7/10 18/36 19/36 73 273 76 351 
10 A.G. 16 9/10 7/10 5/10 10/10 7/10 5/10 19/36 19/36 80 393 77 338 
11 R.F. 13 10/10 5/10 % 10/10 6/10 6/10 12/22 18/36 96 476 92 347 
12 C.L. 6 2/10 2/10 % 10/10 10/10 10/10 7/19 26/36 113 383 100 310 
13 S.B. 13 10/10 5/10 % 10/10 3/10 4/10 9/16 18/36 183 305 161 344 
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14 C .H. 12 10/10 6/10 4/10 10/10 6/10 5/10 21/36 24/36 90 405 134 394 
15 10 0/0 0/0 0/0 0/0 
16 14 0/0 010 0/0 0/0 
17 8 0/0 010 010 0/0 
18 10 0/0 0/0 0/0 0/0 
19 10 0/0 0/0 0/0 0/0 
20 9 0/0 0/0., 010 0/0 
21 V.T. 11 7/10 5/10 010 6/10 0/0 010 0/10 0/0 150 305 170 
-
22 9 0/0 0/0 0/0 010 
23 8 0/0 010 0/0 0/0 
1 2 3 4 5 6 7 8 9 10 11 12 1 3 1 4 15 
(Column Nwnbers) 
Slides used in ExEeriments 22 2a and 3 
Introducto£l (Demonstration~ Slides Pro!3ramme Slides 
One-choice Two-choice Two-choice 
L. Panel R. Eanel L. Eanel R. panel L·Eanel R. Eanel L.Eanel R.Eanel 
1~ man clock 1 clock car 19 clock house 
2 car hand car 2 chair hou$e 20 car chair 
-3 clock clock house 3 man car 21 house hand 
4~ car chair 4 Iiarid house 22 car -Chair 5 man chair !!!@:.!l 5 ~ man 23 house hand 
6 house man house 6 clock car 24 clock chair 
7 hand clock hand 7 hand Chair 25 hand man 
- hoUSe 8 chair chair 8~ house 26 house CIOck 
9 house house man 9 hand chair 27 man car 
10~ man chair 10 house hand 28 house clock 
11 car house car 11 chair clock 29 chair man 
12 bruid man hand 12 car house 30~ clock 
- 13 clock 31 ~ 13 clock clock car man man 
14 ~ hand man 14 !!ill-ll car 32 chair hand 
15 house house car 15 clock hand 33 car 'hO'USe 16 chair 34 hand clock 16 chair car c~~. ':'-~'chair £.e.!. 
17 hand man hand 17 clock ~. 35 chair house ClOck - 18 chair: hand 36 ~ clock 18 car clock 
19~ car hand 
-20 chair chair clock 
The stimuli underlined in the above Table were those designated 'correct'. 
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Appendix 3: Key to Column Numbers 
§xPeriment 2 (Stallington) 
Column Number 
1 
2,8,14,20,26 
3,9,15,21,27 
4,10,16,22,28 
5,11,11,23,29 
6,12,18,24,30 
7 , 1 .3, 19, 25,.31 
Experiment 3 (Redcourt) 
1 
2,8 
.3,9 
4,10 
5,11 
6,12 
7,1.3 
!!periment 2 (Stallington) 
1 
2,12,22,.32,42 
.3,1.3,2.3, .33,43 
4,14,24,34,44 
5,15,2$,35,45 
6,16,26,,36,46 
7,17,27,37,47 
8,18,28,38,48 
9,19,29,39,49 
10,20,.30,40,50 
11,21,31,41,51 
Description of Variable 
Subject's initials. 
TB Correct responses, Sessions 1 to 5 
TB Incorrect -do- , -do-
BT Correct responses, Sessions 1 to 5 
BT Incorrect -do-, -do-
B •• T Correct responses, Sessions 1 to 5 
B •• T Incorrect -do-, -do-
Subject's initials. 
TB Correct responses, Sessions 1 and 2 
TB Incorrect responses, -do-
BT Correct responses, -do-
BT Incorrect responses, -do-
B •• T Correct responses, -do-
B •• T Incorrect responses, -do-
Subject's initials 
'S'responees(Correct), Sessions 1 to 5 
'S'Incorrect responses, 
-do-
'E'Correct responses, -do-
'E' Incorrect responses, 
-do-
'PE'Correct responses, -do-
'PE'Incorrect responses, -do-
'C' Correct responses -do-
'C' Incorrect responses -do-
'0' Correct responses -do-
'0' Incorrect responses -do-
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Key to Appendix 3 (continued) 
Experiment .3 (Redcourt) 
column Number 
2,12 
.3,1.3 
4,14 
5,15 
6,16 
7,17 
8,18 
9,19 
10,20 
. ,11,21 
1 
gxperiment 2a (FlaxIey} 
1 
2 
.3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
DescriEtion of Variable 
Subject's initials. 
'S' Correct responses, Sessions 1 and 
'S' Incorrect responses 
'E' Correct responses 
'E' Incorrect responses 
'PE' Correct responses 
'PE' Incorrect responses 
'C' Correct responses 
'C' Incorrect responses 
'0' Correct responses 
'O~ Incorrect responses 
Subject's numeer 
TB Correct responses 
TB Incorrect responses 
BT Correct responses 
BT Incorrect responses 
'5' Correct responses 
'S' Incorrect responses 
'E' Correct responses 
'E' Incorrect responses 
'PE' Correct responses 
'PE' Incorrect responses 
'c' Correct responses 
'c' Incorrect responses 
'0' Correct responses 
'0' Incorrect responses 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
2 
Total Correct during 36 slides 
'Triangular' responses (at least one 
response to Top, Left and Right panels 
on a slid~. 
Habit scores (and numBer of Habit runs). 
ApEendix 3 
Transcribed data from videotaEe recordings of response patterns (Chapter 1); Stallington and Redcourt samples. 
(Column Numbers) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Experiment 2 (Stallington). 
- - -- -.~ ----~. . Top responses of three kinds (1-nth associated Correct and Incorrect responses). 
l-l.W. 1 0 0 0 0 0 0 0 0·0 0 0 0 0 0 0 1 0 0 0 3 0 Z 0 0 0 3 0 1 
J.B. 4 4 4 1 1 3 1 4 4 0 6 4 0 1 4 0 1 2 10 6 0 1 3 o 24 1 4 
V.W. 23 7 3 2 0 1 28 6 1 1 0 o 26 9 0 1 0 o 35 1 0 0 0 o 35 1 0 0 0 0 I 
P.D. 2 1 5 9 2 4 1 1 10 13 0 4 19 o 13 3 0 o 12 o 23 1 0 o 35 1 0 0 0 0 '" V\ 
'0 
J .H. 17 o 11~6 0 113 2' 6 1 0 o 25 0 8 3 0 o 24 0 2 :3 0 2 22 0 5 3 0 1 
, 
H.H. 11 9 1 2 0 o 13 7 0 0 0 o 14 11 2 2 0 2 10 17 1 2 0 1 - - - -
A.E. 31 1 2 1 0 o 29 0 4 3 0 o 29 3 1 3 0 o 33 3 0 0 0 o 36 0 0 0 0 0 
S.H. 2 4 4 4 11 9 0 o 13 15 2 3 2 o 20 2 o 12 - -- - - - - - - - -
H.J. 4 0 7 0 1 3 - - - - - - - - -
H.D. 2 3 4 6 2 5 3 3 4 4 3 5 2 3 4 2 2 - Data Lost (Video. fault) -
D.P. 0 0 3 4 0 0 2 2 3 1 1 4 0 2 1 4 0 3 - Data Lost (Video. fault) -
l'l.K. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
D.C. 36 0 0 0 0 o 36 0 0 0 0 o 36 0 0 0 0 o 36 0 0 0 0 o 36 0 0 0 0 0 
1 2 3 4 5 6 7 8 9 10 11 12 13 14'S 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
(Column l:umbers) 
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. Experiment 3 (Redcourt): Top responses of three kinds (with associated 
Correct and Incorrect responses) 
H.S. 31 1 0 2 0 1 - - - -
R.C. 21 6 0 3 0 o 29 2 1 4 0 0 
S .G. 3 4 5 3 -5 1 6 2 1 1 6 7 
M.W. 8 5 5 4 4 3 12 13 0 1 1 0 
A.R. 19 15 1 1 0 3 31 2 1 2 0 0 
P.J. 3 1 1 2 1 5 18 2 5 6 0 3 
R.W. 1 0 1 5 2 3 1 0 1 5 2 3 
B.W. 0 000 0 o 15 16 0 3 0 0 
C.B. 0 o 18 16 0 2 1 o 18 15 0 2 
A.G. 19 15 0 2 0 o 18 11 1 0 0 0 
R.F. 2 2 2 3 0 1 3 4 10 12 5 2 
C.L. 0 2 1 3 0 o 35 0 1 0 0 0 
S.B. 4 0 0 1 0 0 1 1 4 3 2 0 
C .M. 4 1 16 11 1 1 5 1 15 7 1 1 
1 2 3 4 5 6 7 8 9 10 11 12 13 
(Column Numbers) 
Appendix 3 (continued) 
Experiment 2 (Stallington): Subsequent responses of five kinds (with associated Correct and Incorrect responses) 
M.W. 0 0 11 15 4 3 0 0 0 0 0 0 18 ~8 0 0 0 0 0 0 0 1 0 14 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 
J .B. 1 0 4 15 0 0 9 0 1 0 1 1 1 9 00 0 0 1 1 2 0 4 4 0 0 1 0 0 0 1 2 4 8 0 0 1 0 0 0 
V.W. 10 12 0 0 0 0 0 0 0 0 8 6 0 0 0 0 0 2 0 0 4 8 0 1 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 1 
P .D • 6 1 1 14 0 O· 0 0 12 1· 0 0 1 8 0 0 3 0 0 0 1 0 0 3 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 
J .H. 1 0 1 7 0 0 2 0 2 0 1 1 3.8 0 0 0 0 0 0 2 3 6 0 0 0 0 0 0 0 0 2 2 3 0 0 0 0 0 0 
H.H. 2 4 3 0 0 0 1 0 0 4 0 7 0 2 0 0 0 0 0 0 3 4 1 4 0 0 0 1 0 0 5 12 0 0 0 0 0 2 3 3 
A.E. 1 0 0 0 0 0 0 0 0 1 2 0 1 3 0 0 0 4 0 0 1 5 1 3 0 0 2 0 0 0 1 0 0 3 0 0 0 0 0 0 
S .H. 13 8 0 1 0 0 2 2 1 8 3 14 0 1 0 0 1 0 0 2 0 4 0 4 0 0 0 0 0 5 - - - - - - - - - -
M.J. 0 0 5 4 1 13 2 2 4 1 - - - - - - - - - - - - - -
H.D. 0 0 2 2 11 16 0 0 0 0 2 1 10 6 7 5 2 1 0, 0 5 1 5 17 0 0 0 0 5 3 - Data lost - -
D • P • 0 1 1 0 2 8 1 2 0 0 0 0 1 0 5 1 2 5 .5 0 0 0 0 3 4 2 1 2 0 0 1 2 1 1 - Data 10 st - -
M .K. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
D .C • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O· 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 3 4 5 6 7 8 9 10 11 1 2 13 14 15 16 1 7 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 
(column Numbers) 
I 
I\) 
0-. 
..... 
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Experiment 2 ~Stallinston~: SUbseguent resEonses ••• ~continued2 
M.W. 0 0 o 18 0 0 0 0 0 0 
J.B. 0 4 2 1 0 0 5 0 0 0 
v.w. 4 0 0 0 0 0 0 0 0 0 
P.D. 0 0 0 0 0 0 6 0 0 0 
J.H. 2 4 0 1 0 0 1 0 0 0 
H.H. - - - - - -
A.E. 0 0 1 0 0 0 0 0 0 0 
S.H. - - - - - - - -
M.J. - - - - - - - -
H.D. 3 3 0 3 0 0 4 3 3 3 
D.P. 1 1 8 11 6 6 0 0 0 0 
M.K. 0 0 0 0 0 0 0 1 0 0 
D.C. 0 0 0 0 0 0 0 0 0 0 
42 43 44 45 46 47 48 49 50 51 
(Column Numbers) 
E!Eeriment J ~Redcourtl: Subseguent resEonses ~with associated 
Correct and Incorrect resEonses2 of five kinds. 
H.S. 1 1 0 0 0 0 , 1 0 0 - - - -
R.C. 27 9 0 0 0 0 0 0 0 o 28 4 4 0 0 0 0 0 0 0 
S.G. 12 3 2 5 0 0 0 0 5 8 14 6 3 1 0 0 0 0 3 2 
M.W. 15 11 2 3 o 0 0 0 1 1 4 8 1 2 0 0 1 0 1 2 
A.R. 4 9 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 
P.J. 5 10 , 2 0 0 2 0 2 7 5 5 2 4 0 0 2 0 0 2 
R.W. 4 5 5 5 5 0 0 0 2 4 2 2 7 11 1 2 2 1 0 4 
B.W. 0 8 0 1 0 0 0 1 0 1 o 12 0 1 0 0 0 2 0 1 
C.B. 12 11 2 2 0 0 0 0 1 2 17 16 0 1 0 0 0 0 2 0 
A.G. 4 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 
R.F. 1 2 1 2 0 0 1 0 0 1 15 16 0 1 0 0 0 0 0 1 
C.L. 1 2 0 1 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 O~ 
S.B. 1 0 1 2 1 0 0 0 2 0 4 0 7 10 2 3 0 0 1 0 
C.M. 15 8 1 2 0 0 2 2 1 1 16 7 1 4 0 0 3 0 3 0 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 13 14 15 16 1 7 1 8 1 9 20 21 
(Column Numbers) 
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AEEendix 3 ~continued~ 
Experiment 2a ~Flaxlel~: TOE and Subseguent resEonses ~with associated 
Correct and Incorrect resEonses~z Total Correct resEonses z 'Trian~lar' 
resEonses and ResEonses to lower Eanels of machine (Habit Scores) 
One-choice Instruction 
1 36 0 0 0 0 0 0 0 0 0 0 0 0 0,36 0 1(31 (1 ) 
2 35 1 0 0 0 0 0 0 0 0 1 1 0 o 35 0 M30(1) 
3 34 2 0 0 0 1 0 0 o 0 0 0 1 034 0 M24(1 ) 
4 35 1 0 0 0 0 0 0 0 0 0 0 0 o 35 0 M25(2) 
5 35 1 0 0 0 1 0 0 0 0 0 0 0 o 35 0 M28(2) 
6 33 0 2 1 1 1 0 0 0 0 0 0 0 o 35 2 M29(1 ) 
7 34 1 0 0 0 1 0 0 0' 0 0 0 0 034 0 M24(1 ) 
8 28 1': 7 0 0 1 2 0 0 0 0 0 0 o 35 0 M26(1 ) 
9 18 18 0 0 0 0 0 0 0 0 0 2 0 o 18 0 PP30(1) 
10 0 0 0 0 0 0 0 o 18 18 0 0 0 o 18 0 PP30(1) 
11 0 1 18 11 14 2 1 11 0 0 0 0 3 3 18 33 PP30(1) 
12 18 18 0 0 0 0 0 0 0 0 0 0 0 2 18 2 PP15(3) 
13 1 017181818 0 0 0 0 0 0 0 o 18 36 PP30(1 ) 
14 4 5 12 14 11 11 0 0 0 0 0 0 0 o 17 34 PP 4(2) 
Two-chdce Instruction 
15 36 0 0 0 0 0 0 0 0 0 0 0 0 0,36 0 M31 (1 ) 
16 J6 0 0 0 0 0 0 0 0 0 0 0 0 o 36 0 M31 (1 ) 
17 34 ttl 1 0 0 0 0 0 0 0 0 0 0 0,36 0 M.31(1) 
18 36 0 0 0 0 0 0 0 0 0 0 0 0 o 36 0 M.31 (1 ) 
19 J6 0 0 0 0 0 0 0 0 0 0 0 0 o 36 0 M.31 (1 ) 
20 34 2 0 0 0 0 0 0 0 0 0 0 0 034 0 M21(2) 
21 35 1 0 0 0 0 0 0 0 0 0 0 0 o 35 0 M26(1 ) 
22 28 8 0 0 0 0 0 0 0 0 0 0 0 o 28 0 M 2(2) 
23 22 14 0 o 22 14 0 0 0 0 0 0 0 o 22 36 M 6(1) 
24 18 18 0 0 0 0 0 0 0 0 0 0 0 o 18 o PA 24(1) 
25 '20 16 0 0 2 16 0 0 0 0 0 0 0 o 20 11 W19(1 ) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
(Column Numbers) 
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Appendix 4: Key to Column Numbers 
Column Number 
1 
2 
3 
4 
5 
6 
7 
Description of Variable 
Subject's number 
Time (minutes) spent at machine 
Number slides completed 
% slides correct 
Response rate. 
Post-test; 20 one-choice slides; correct/ 
completed. 
Post-test; 20 three-choice slides; 
correct/completed. 
Columns 6 and 7 show Post-test data for '-2' slides only; the data 
obtained with the black abd white slides were essentially identical. 
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A:EEendix 4 
Raw data for Experiment 4. 
1 15 120 100 8.0 10/10 10/10 
2 24 131 81 5.4 10/10 10/10 
3 15 59 66 3.9 10/10 6/10 
4 17 193 100 8.0 10/10 7/10 
5 12 58 72 4.8 10/10 10/10 
6 7 44 84 6.3 10/10 6/10 
7 15 58 78 3.9 10/10 6/10 
8 16 6 67 0.4 10/10 10/10 
9 57 54 100 0.9 10/10 10/10 
10 14 78 100 5.6 10/10 9/10 
11 31 128 77 4.1 10/10 10/10 
12 35 212 98 6.1 10/10 6/10 
1.3 .36 139 76 3.9 10/10 6/10 
14 6 31 77 5.2 10/10 6/10 
15 17 56 62 3.3 10/10 7/10 
16 15 68 65 4.5 
17 .34 158 82 40 6 0/0 0/0 
18 10 34 97 .3.4 10/10 10/10 
19 7 2.3 96 .3.3 0/0 0/0 
20 18 112 100 6.1 0/10 0/10 
21 5 22 32 4.4 
22 5 0 o 0.6 0/0 0/0 
23 5 0 o 0.0 0/0 0/0 
24 20 39 67 2.0 10/10 5/10 
25 10 29 45 2.9 10/10 6/10 
26 11 62 55 5.6 10/10 6/10 
1 2 3 4 5 6 7 
(Column Numbers) 
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Appendix 2: Key to Column Numbers 
Column Number 
1 
2,5, 8 etc. 
3,6, 9'etc. 
62 
6.3 
Subject's initials. 
Session time in minutes and decimal parts of 
a minute, Sessions 1 - 20. 
Total no. sorting responses per session(cards 
actually placed in box)/no. cards actually 
completed. 
No. correct first attempts per session/ 
no. correct in subsequent attempts (up to 
limit of six). 
Age of S. to nearest year. 
S~B I.Q. July 1972. 
NT ... not tested 
UT ... DO responses to any S-B item. 
A.W. 3065 36/36 36/0 3.55 36/36 36/0 3.60 38/36 34/2 3.30 37/36 35/1 4.33 36/36 36/0 3.70 36/36 36/0 
K.B. 6.93 36/36 36/0 6.75 39/36 33/3 6.70 40/36 32/4 6.35 40/36 32/4 6060 37/36 35/1 6.22 38/36 34/2 
C.N. 1.75 36/36 36/0 1.75 36/36 36/0 1.15 37/36 35/1 1033 36/36 36/0 1.15 36/36 36/0 1.10 36/36 36/0 
C.H.10000 8/1 % 12.00 22/10 7/211.90 37/36 35/1 9.10 36/36 36/0 10.45 39/36 33/3 6.65 36/36 36/0 
L.P.140OO 38/9 3/1 10.0040/13 6/311.00 28/6 1/1 11.60 29/6 0/2 10.30 25/6 1/2 9.80 29/7 1/3 
M.M.10.00 6/1 0/1 10.00 4/1 0/1 10000 % % 10.50 20/4 0/1 9060 17/6 3/1 11.20 9/2 0/1 
M.D. 8.00 4/1 1/0 5.00 7/3 2/0 8.50 14/3 0/1 6.20 9/1 % 8000 7/3 1/1 2.00 3/0 0/0 
T.J.l0.50 34/7 .1/410.0030/6 0/3 8.7525/7 2/111.3033/7 1/110.20 19/6 3/110050 27/7 2/4 
J.M. 3.00 1/1 1/0 10.60 4/1 % 5.35 4/1 0/1 8.40 7/1 % 10000 9/2 1/1 10.10 12/2 0/0 
P.W.10.00 % % No change throughout experiment ••••• o •••••••••••••••••••••••••••••••••••••••••• 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
(Column Numbers) 
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 31 
A.W. 4.15 39/36 34/2 4.85 44/36 28/8 4035 37/36 35/1 4.30 37/36 35/1 
K.B. 7.60 38/36 34/2 5.74 37/36 35/1 5.17 37/36 35/1 5.72 39/36 33/3 
4.40 40/36 32/4 4067 31/36 35/1 
6.90 37/36 35/1 5.85 36/36 36/0 
C.N. 1 030 36/36 36/0 1 .15 36/36 36/0 . Discontinued. 
C.H. 6.50 36/36 36/0 Discontinued. 
L.P. 9980 19/7 3/2 10.40 27/8 2/4 10010 19/7 2/5 10.00 11/2 
M.M.ll 000 15/4 1/1 10.00 2/0 0/1 9.50 10/3 0/2 9.60 9/2 
M.D. 3.00 3/0 010 Discontinued. 
T.J. 9.90 23/5 0/2 11 .65 38/7 1/0 10.70 25/5 1/1 9.70 25/5 
J.M.9.90 6/1 % 10.60 9/2 0/1 9090 6/1 % 9.20 7/2 
0/0 5.00 Si2 
0/1 9.10 11/2 
1/0 10.60 30/7 
0/2 10.00 1/0 
0/1 9.20 21/4 
0/1 10.60 14/3 
0/4 10.00 33/8 
0/0 10.0C» 6/1 
0/2 
0/1 
1/5 
0/0 
P.w ••••••••••••••••••••••••••••••••••••.• 0 •••••••••••••••••• 0 ••••••• 0 •••••••••••••••••••••••••••••••••• 
38 39 40 41 '42 43 44 45 46 41 48 49 50 51 52 53 54 55 
A.W. 4.10 38/36 34/2 3.45 36/36 36/0 3.51 37/36 35/1 4.35 36/36 36/0 4.65 38/36 34/2 4.20 36/36 36/0 
K.B. 5.22 38/36 34/2 6.00 36/36 36/0 5.30 36/36 36/0 5045 36/36 36/0 5.20 31/36 35/1 5010 36/36 36/0 
L.P. 9.40 15/2 % 9.80 18/3 0/2 10.10 28/6 1/1 7.00 17/6 3/2 1000 17/3 0/1 9.00 21/5 1/1 
M.M.l0.30 10/3 1/0 10.00 9/2 0/1 10.35 19/5 1/2 10.20 20/5 2/0 10010 19/5 1/1 10.20 22/5 1/1 
ToJ. 9.60 29/10 3/4 10000 16/5 2/2 9.80 21/5 1/2 9.60 25/6 2/1 10.21 25/8 4/3 10000 36/9 1/7 
J .M.l0.oo 3/0 % 10000 2/0 % 10.00 9/2 % 10.00 1/0 % 10 0 00 1/0 % 10.00 3/0 0/1 
P.W •• 0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*Smarties begun. 
~ 
~ 
0.. 
~ 
Pl 
1-1) 
o 
'1 
I 
I\) 
~ 
'g 
I 
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Appendix 5 (continued) 
A.W. 3.90 36/36 36/0 3.95 37/36 35/1 12 37 
K.B. 5.25 36/36 36/0 5.60 36/36 36/0 13 23 . 
C.N. 15 NT 
C.H. 17 Less than 15 
L.P. 8.20 20/4 0/1 10.00 24/5 1/1 10 Less than: 20 
M.M. 10010 20/4 0/1 9.50 16/5 1/1 14 NT 
M.D. 16 UT 
T.J. 10010 34/8 3/6 9.83 32/7 2/5 15 NT 
J.M. 10000 4/0 0/0 10 0 00 7/2 0/1 11 UT 
P.W. •••••••••••••••••••••••••• 0.0 ••• 0 14 NT 
56 57 58 59 60 61 62, 63 
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